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ANNALES AGRICULTURAE FENNIAE, VOL. 16: 103—109 (1977)

Seria ANIMALIA NOCENTIA N. 92 — Sarja TUHOELAIMET n:o 92

EVALUATION OF PREDATOR-PREY RATIO USING CHRYSOPA CARNEA STEPH.
IN CONTROL OF RHOPALOSIPHUM PADI (L.)

Jorma RauTarii

RAUTAPAA.]. 1977. Evaluation of predator-prey ratio using Chrysopa carnea Steph. in
control of Rhopalosiphum padi (L.). Ann. Agric. Fenn. 16:103—109. (Agric. Res. Cen-
tre, Inst. Pest. Inv.,, SF-01300 Vantaa 30, Finland).

In laboratory and field-cage experiments larvae of Chrysopa carnea Steph. reduced the
growth of Rhopalosiphum padi (L.) populations. When the initial predator-prey ratio was
2 one-day-old larvae per 100 aphids (= 50 aphids per one larva), the aphid index, which
represents the sum of aphids pef shoot oneach day of the experiment, decreased by 10 %
compared with aphid populations where no larvae were present. A predator-prey ratio of
20 larvae per 100 aphids (= 5 aphids per one larva) caused a 50O % decrease in the index.
In field cages, 0,5 chrysopid eggs per one aphid reduced the aphid index by 11 %, one egg
by 21 %, three eggs by 51 % and ten eggs by 91 %. About 15—20 times more eggs than
larvae were needed to achieve the same decrease in aphid populations.

Index words: predator-prey ratio, Rbopalosiphum pads, Chrysopa carnea, biological control.

|

Experiments carried out using the green
lacewing, Chrysopa carnea Steph., (Neuroptera,
Chrysopidae) have yielded promising results for

the control of aphids and other pests (Doutt
and HaGen 1949, Doutr 1951, LiNDGREN et al.

1968, Ripgway and Jones 1968, RipGoway
1969, Swuanps- et al. 1972, Suanps and
S1mMpson1972, Turisaro and TuoviNeN1975).
Once the problems of mass-rearing have been
resolved large quantities of larvae are available

(Fieney 1950, Ripway et al. 1970, TuLisaLo
and KorreLA 1973, Hassan1974).

In Finland, the possibility of using C. carnea-
larvae to control aphids in the greenhouse has
been studied by TuLisaLo and TUOVINEN

(1975) with promising results. The purpose of
this study was to clarify in laboratory and in
field cages the predator-prey ratio necessary for
controlling R. padi with C. carnea.

MATERIAL AND METHODS

Aphids descending from one R. padi female
were reared parthenogenetically on Sisu oats in
the greenhouse. In order to collect alated aphids
of the same age, all aphids were removed from

the ceilings and walls of the mass-rearing cages
in the evening. Next morning, alated aphids
flying or crawling on the ceilings were collected
and used in the tests.
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Chrysopid eggs and larvae

Chrysopid eggs and larvae were obtained from
mass-rearings maintained by the institute of Pest
Investigation according to the methods of
TuLisaro and KoreeLa (1973).

Laboratory tests

In the greenhouse Sisu-oats were grown in
Multipot plastic pots (@ 4 cm, height § cm)
filled with peat, which had been fertilized for
cereals. When shoots were about § cm high,
they were thinned and only three were left in
cach pot. One alated R. padi was placed on
each shoot and the plants were covered with
PVC-cylinders (@ 4 cm, height 30 cm). After
five days the numbers of aphids on the plants
were counted and one-day-old chrysopid larvae
were dropped into the cylinders through a hole
in the top. The number of aphids inside the
cylinders varied between 10 and 50. The
rearings were placed in the greenhouse under
mercury-vapour lamps. Temperature varied
between 20 and 24°C and the illumination
period was 16 hours a day.

Initial predator-prey ratios were selected as
follows:

GroupA  nolarvae
B less than 4 larvae per one aphid
C 4— 7 "
D 8—11
E 12—15
F  more than 16

In five experiments (I-V), lasting 8—15
days, the Multipot plastic pots and cylinders

were as follows:

Number of pots and cylinders Duration of
experiment,
in control total days
Experiment [ 7 30 15
II 7 30 10
11T 5 28 10
v 7 27 8
' 5 20 8

An index was calculated for each cylinder
representing the sum of aphids on one shoot on
each day of the experiment, starting from the
day the larvae were dropped into the cylinders
until the end of experiment. This index,
describing the aphid population, has been used
before in studying the effect of aphids on cereals
(e.g RauTarid1975).

Field cages

On May 14, 1976, Pomo-barley was sown
inside 28 cages (60x60x120 cm) in an open
field. On June 14, the number of shoots was
reduced to 100 in each cage, and one alated R.
padi female was placed on each plant. The
aphids propagated in the cages until July 12,
when chrysopid eggs were placed among the
plants. The paper sheets, to which the eggs were
attached, were cut into strips a few centimetres
wide and 20—30 cm long. In general, the eggs
were placed among the plants in ten different
lots.

Four cages were selected at random as
controls ~ without eggs. The other cages
constituted four groups, six cages in each group,
according to the initial numbers of chrysopid
eggs per one aphid, which were 0,5, 1, 5 and
10 (see Table 3).

RESULTS AND CONCLUSIONS

Laboratory experiments

Aphid abundance varied widely in the controls
(Table 1). The largest average aphid index was
1 116 + 169 in the first experiment and the
smallest 233 + 40 in the last one. Aphid
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maximums on one shoot were 105 and 30,
respectively. This variation in aphid abundance
was apparently due to differences in the initial
numbers of aphids on the plants at the start of
the experiments. '

The same variation can be seen in the



Table 1. Aphid indices (sum of aphids per shoot on each day of the experiment)

when different predator-prey ratios

(A—F) were used in releasing C. carnea larvae among R. padi. Indices are means of the single cylinders in five

experiments (I—V). Predator-prey ratio is expressed as number of aphids per'one larva: A
C=4-7,D=8-11,E=12—15, F = more than 16. % = decrease in index in percentages.

= no larvae, B = less than 4,
n = number of single

cylinders.
A B C D E E
I 1116 + 169 433 + 81 499 + 90 704 + 111 1141 + 46 1105 + 81
% 0 61 + '7 55 + 8 37+ 10 0 4
n 7 6 9 ' 5 2 2
11 393 + 71 6l + 4 126 + 20 210 + 37 172 + 30 340 + 55
% 0 85 + 1 68 + 5 47 + 9 57+ 8 21 + 10
n 7 4 4 6 3 6
m - 691 + 126 89 + 7 131 + 33 275 + 43 218 + 39 424 + 46
% 0 87 + 1 81 + § 8+ 5. 69 + 6 39+ 7
n 5 4 4 6 ’ 3 6
I A 327 + 61 93 + 47 188 + 53 212 + 68 250 + 43 | 293 + 52
% 0 72 + 14 46 + 13 35 + 21 28+ 9 14 + 14
n 7 5 5 2 5 3
v 233 + 40 126 + 20 111 + 11 178 + 37 142 |
% ’ 0 46 + 9 53+ 5 24 + 16 39
n 5 6 6 2 1

Table 2. Average decrease in aphid index in percentage
units corresponding to the initial predator-prey ratio, ex-
pressed as an average number of aphids per one larva and
as average number of larvae per 100 aphids at the begin-
ning of the experiments. For explanation of the initial
predator-prey groups A—F, see Table 1. Figures are

means for five experiments.

Predator-prey ratio Decreace of | Number of
Groups | Aphids/one larva | Larvae/100 aphids aphidindex % |~ cylinders
A no lazvae no larva 0 31
B 2.8 36 61+3 | 19
C 4.9 20 50+ 3 27
D 9.8 10 42+3 26
E 13.4 8 35145 | 1S
F 19,4 5 206 | 11

average indices for other groups (B — F, Table
1), too. Because of this variation in aphid
abundance, a simple correlation between the
aphid index and the initial predator-prey ratio
gave no reasonable result. However, when all
the results obtained from single cylinders were
combined and classified into groups A —F
according to the initial predator-prey ratio
presented under Methods and in Table 1, the
correlation between the average aphid index
and initial predator-prey ratio (see Table 2)
highly  significant  (r = +0,979,

proved

DECREASE OF APHID INDEX;%
70W
\
.
50
30
d . Y= -19+17.3 InX
r:+0979°°
104
B T T T — T T 1
1 5 10 15 20 25 30 35
LARVAE /100 APHIDS
T : T T T T : ,
100 20 10 6.5 5 4 33 29

APHIDS / ONE LARVA

Fig. 1. Percentage decrease in aphid index (sum of mean
number of aphids per shoot on each day of the
experiment) as a function of the initial predator-prey ratio
(number of larvae per 100 aphids) at the beginning of the
experiments. The dots represent the average number of
aphids per larva and the decrease in aphid index
presented in Table 2.
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% P<0,01). The equation Y = —1,9 + 17.3 Ine
X was calculated by using the number of
chrysopid larvae per 100 aphids as X
(transformed Ine X + 1), and the percentage
decrease  in aphid index (transformed arc
sin 'percetage) as Y. In Table 2 and Fig. 1 the
predator-prey ratio is indicated both as number
of aphids per one larvae, and as number of
larvac per 100 aphids. .

The decrease in aphid index was as follows:

Larvae per Aphids per Decrease in
100 aphids one larva index, %
1,5 67 )
2 50 10
3 33 17
4 23 22
5 20 26
10 10 38
15 6,5 45
20 5 50
25 4 54
30 3,3 57
35 2,9 60

DECREASE OF APHID INDEX; %

100

80+

60+

40

20

T T T T T T T T T —

EGGS/ONE APHID

Fig. 2. Percentage decrease in aphid index as a function
of the initial predator-prey ratio (number of eggs per one

aphid) in field-cages.

Cage Aphid maximum Aphid index ;\[P[}}l:cdi/:ghizz[ing
1 15 364 2,0
2 87 1700 1.8
3 250 2516 7.3
4 334 7466 5,6
5 320 4803 1,2
6 87 1689 5,6
7 334 7921 12,0
8 330 6615 4,6
9 57 794 0,5
10 4 78 1,0
11 30 383 1,6
12 83 1409 0,7
13 17 493 6,0
14 334 6666 5,6
15 40 750 0,1
16 33 604 1,6
17 4 28 2,0
18 12 277 3,3
19 1y 161 0,3
20 20 316 6,0
21 80 1473 0,4
22 2 37 1,3
23 3 48 1,0
24 3 52 3,3
23 11 115 0,3
26 10 187 1,6
, 27 200 2846 0.4
L 28 17 418 0,7

Field-cage experiments

In control cages containing no chrysopid eggs
the aphid indices varied between 7 466 and
364, the maximum numbers of aphids on one
shoot being 334 and 15, respectively (Table 3).

Aphid population level also varied in cages
where different numbers of eggs were placed. In
cages 5—10 with 0,5 eggs per one aphid the
indices were 78—7 921, in cages 11—16 with
one egg per one aphid they varied between 383
and 6666, in cages 17—22 with § eggs
between 28 and 1 473, and in cages 23—28
with 10 eggs between 48 and 2 846. In some
of the cages (e.g. 7, 8, 14, 21 and 27, Table 3)

the aphids were exceptionally  abundant

Table 3. Effect of distribution of C. carnea-eggs on avera-
ge maximum number of aphids on mainshoot and on ap-
hid indices of cages. The initial average number of aphids
on mainshoot at the moment the eggs were distributed in-
to cages is.indicated. The initial numbers of eggs per one
aphid were as follows: cages 1—4 no eggs: cages 5—10
with 0,5 eggs; cages 11—16 with 1 egg; cages 17—22
with 5 eggs: cages 23—28 with 10 eggs.




compared with other cages in which the egg-
aphid ratio was the same.

In some of the cages with high aphid
populations the initial number of aphids at the
time the eggs were placed in the cages was
relatively small (cages 21 and 27, Table 3), but
in others it was high (cages 7, 8 and 14). On

the other hand, there were cages in which initial

following formula: X = 100(A —B) / A,
where X presents the percentage decrease in the
aphid index, A = value of Y when X = 0 in
equation presented in Table 3, B = aphid index
corresponding to a certain number of eggs per
aphid. - '

The index decreased as follows:

aphid numbers were high but decreased during —
the experiment and remained low. The results Eggs/aphid Aphid index index.%
can hardly be used in conluding the optimum
aphid level at the time eggs are placed among 81 i ;;; o,
plants but they do indicate a significant negative 0.5 1 204 11
correlation between the initial egg-aphid ratio 1 1069 21
(X) and the aphid indices (Ine Y) describing the 75 ggé zz
population level (Ine Y =3,132 — 0,103 X, 4 527 61
r=—0,539, P<0,01). 5 415 64

The decrease in aphid index in pertentage ! %(5)9 %
units as a function of the initial numbers of eggs Ig 12&53 o1
per onc aphid was calculated according to

DISCUSSION

Evidently C. carnea larvae were able to reduce indices in  terms of percentage units

population growth in R. padi. However,
because of relatively limited number of
experiments and  variations in the results
obtained, no far-reaching conclusions should be
drawn on the application of C. carnea in
controlling cereal aphids in the field. The
predator-prey ratio, which in these experiments
gave a 50 % decrease in aphid index, was about
5 aphids per one larva or 3 eggs per one aphid.
In the greenhouse TuLIsALO and TUOVINEN
(1975) succeeded in controlling Myzus persicae
Sulz. and Macrosiphum eupborbiae Thomas on
green pepper with an egg-aphid ratio of about
1/1, but the predator-prey ratio of 1/50
presented by Scopes (1969) for first instar
larvae and M. euphorbiae in the greenhouse was
more favourable than the same ratio in
experiments by TuLisaLo and Tuovinen(1975)
or in this study.

Comparison ~ with  previous ficld-cage
experiments using Coccinella septempunciata L.
and cereal aphids (Raurapii 1972, 1975) is
perhaps not justified but the decrease in aphid

corresponding to a certain predator-prey ratio
was as follows:

Decrease in aphid index
Coccinellids or , in percentage units

Chrysopid

c:;ys;) g(l)d al;lg :: C. septempunctata | C. carnea eggs per aphid
: RAUTAPAA 1972 | 1975 | this study
1 7 17 0
5 31 59 26 1,5
10 52 84 38 2
1y 68 93 43 2,5
20 78 97 50 3

These figures are presented only to combine the
results of three experiments of same type, not to
compare the usefulness of C. septempunctata and
C. carnea in controlling R. padi populations.
Even though several factors may disturb
chrysopid larvae preying on aphids in cereal
fields, theoretical calculations _based on the
results of this study may help in estimating the
predator-prey ratio needed in fields. When R.
padi populations start growing on cereals at the
beginning of June, the numbers of aphids are

%
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relatively small during the first days (R auTapii
1976) but they increase rapidly. Maximum
abundance is usually reached three to four
weeks after the first aphids are found on the
cereals. The critical period for control, chemical
or biological, is perhaps the first week after the
aphids arrive on the cereals. If the average
number of aphids on one.plant is 0,5 and they
are evenly distributed throughout the field, the
total aphid population on one m? may be about
250. According to the laboratory and field-cage
experiments, 2 O % decrease in the aphid index
describing the aphid population level is achieved
when theinitial predator-prey ratio is at least
20 larvae per 100 aphids or 3 eggs per one

aphid. In other words, if the predators consume

their prey as they did in this study, about 50
first-instar larvae or 750 eggs will have to be
distributed over each m? to achieve a 50 %
reduction in aphid population. Theoretically, an
area of one hectare would need about half a
million larvae or 7,5 millions eggs. However, in
cereal ccosystems aphids face a number of
natural enemies (see, R AuTAPAA 1976) and for
this reason the chrysopids distributed among the
cereals are not necessarily saddled with the
whole task of regulating aphid population.
Even a short delay in population growth in
cereal aphids, or a little aid given to natural
enemies would help to keep the aphid
population level below the economic threshold.
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SELOSTUS

Tuomikirvan torjuntaan tarvittavat harsokorennon mairit

JorMARAUTAPAA

Maatalouden tutkimuskeskus

Tuomikirvan torjunnassa tarvittavien tavallisen harsoko-
rennon toukkien ja munien miirdd selvitettiin seki labo-
ratoriokokein ettd hikkikokein kentilld.

Kauralla elineiden tuomikirvojen joukkoon sijoitetut
harsokorennon toukat hidastivat kirvojen méérin kasvua.
Kaksi harsokorennon toukkaa sataa kirvaa kohden ai-
heutti sen, ettd koeajan jokaisena piivind kasveissa elinei-
den kirvojen yhteisméddrd eli kirvaindeksi jii 10 % pie-
nemmiksi, ja kun toukkia oli 20 sataa kirvaa kohden, 5O
% pienemmiksi kuin kirvojen lisddntyessi esteittd ilman
toukkia.

Ohralla elineiden kirvojen joukkoon hikkeihin sijoite-

tuista harsokorennon munista kuoriutuneet toukat hidasti-
vat myds kirvamidrin kasvua. Kun munien ja kirvojen lu-
kusuhde oli 0,5/1, viheni kirvaindeksi 11 %, kun hikkei-
hin laitettiin yhtd paljon'munia kuin niissd oli kirvoja, vi-
heni kirvaindeksi 21 %, kolme kertaa enemmin munia
kuin kirvoja pienensi kirvaindeksii 51 % ja kymmenen
munaa jokaista kirvaa kohden aiheutti sen, ettd kirvain-
deksi jdi 91 % pienemmiiksi kuin kirvojen lisddntyessd es-
teitti. Munia tarvittiin 15—20 kertaa enemmin kuin
_toukkia samanlaisen vaikutuksen aikaansaamiseksi.

Harsokorennon kiytdsti tuomikirvan torjunnassa kiy-

tinndn viljelmilli ei vield ole kokemuksia.
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ANNALES AGRICULTURAE FENNIAE, VOL. 16:110—116 (1977)
Seria. AGRICULTURA N. 52 — Sarja PELTOVILJELY n:o 52

THE EFFECT OF SOWING DENSITY AND MECOPROP TREATMENT ON
COMPETITION BETWEEN WINTER WHEAT AND TRIPLEUROSPERMUM
- INODORUM (L.) SCHULTZ BIP.

Lemwa-Rurra Ervio

ERVIO, L.-R. 1977. The effect of sowing density and mecoprop treatment on
competition between winter wheat and Tripleurospermum inodorum (L.) Schultz Bip.
Ann. Agric. Fenn. 16:110—116. (Agric. Res. Centre, Inst. Plant. Husb., SE-01300
Vantaa 30, Finland). :

In an_experiment studying competition between winter wheat and Triplearospermaum
inodorum the latter produced its highest yield when sown as a pure stand. The wheat grain
yield was higher in a dense stand than in a sparse one and decreased in both when the
wheat had to compete with T. inodorum. Mecoprop reduced the number and weight of T.
inodorum xelatively more effectively in dense than in sparse wheat. The yield of other
broad-leaved weeds was decreased by mecoprop in wheat stands sown without T.
inodorum and increased in stands containing it. In sparse pure sown wheat mecoprop
decreased the grain yield. In stands containing T. inodorum, it increased the yield by 910
kg/ha in sparse and by 680 kg/ha in dense wheat. The autumn treatment was the most

. effective against T..inodorum but it lowered the grain yield. Early spring proved the most
favourable application time for mecoprop.

Index words: Triplenrospermum inodorum, competition. /

Apart from its natural competitive ability,

have seldom dealt with the effect of crop densi-
how a plant stands up to competition and turns

ty and treatment with herbicides on cocompeti-

out finally is influenced by environmental fac-
tors. The growth of a crop in relation to weeds
can be promoted by increasing the growing
density (GranstroM 1959, Ervio 1972).
Herbicides, on the other hand, diminish compe-
titive ability in weeds or eliminate their harmful
effect altogether. Earlier studies on competition

’
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tors (SuoMELAand PAATELA 1962, HAMMERTON
1970). This question was studied in 1967 at
the Institute of Plant Husbandry of the Agricul-
tural Research Centre, using winter wheat and
one of the most important weeds invading its
stand, Tripleurospermum inodorum (L.) Schultz

Bip.



MATERIAL AND METHODS

The effect of sowing density and mecoprop on
winter wheat and T. inodorum was studied in a
field experiment, using a split-plot design and
four replicas. _

The field was sandy clay and had previously
lain fallow. Winter wheat, cv. Nisu, and T.
inodorum were sown in the following stands:

Sparse wheat
Sparse wheat
Dense wheat
Dense wheat

100 kg/ha
100 "
200

200

+ T. inodorum 17 kg/ha

”»

+ T. inodorum 17

Mecoprop was applied in the autumn when
the winter wheat was at the 3—4 leaf stage
(11th Oct.). In the spring, two applications

were made when the winter wheat was at

tillering stage (10th and 29th May). The doses
of mecoprop were 1,5, 3,0 and 4,5 kg/ha a.i.
The weeds were counted in June, when T.
inodorum was at the rosette stage, and harvested
in August from sampling areas of 2x0,25 m?
per plot. The main weed species in the samples
were T. inodorum, Galeopsis spp. and Viola
arvensis. The wheat stems were counted before
combine harvesting on 31th August.

The winter wheat overwintered well. May
was somewhat warmer and more humid than
usual and suited the stands well. Throughout
the growing period the temperature promoted
growth but precipitation was irregular. June and
July were dry, August rainy. Precipitation in
May, June, July and August was 53, 19, 39
and 107 mm, respectively.

RESULTS

Sowing density

The number of wheat stems in the different
stands was as follows:!)

Sparse wheat 392b
Sparse wheat + T. inodorum 300°
Dense wheat 510¢
Dense wheat + T. inodorum 446 b

1Y The figure with the same index letter are not significantly -

different at the level of P = 0,0).

T. inodoram sown in the stands retarded
growth of the wheat stems in both wheat

i

densities. Its effect was relatively greater in the
sparse than in the dense stand.

The wheat sown in pure stands did not
contain natural T, #nodorum. When sown, the
average population density of T. inodorum was
349 plants/m? and it was not affected
significantly by wheat density. Nor were there
any differences in the abundance of other broad-
leaved weeds in the wheat stands, the average
figure being 73 plants/mz. On the other hand,
in the pure sown stand of T. /nodorum there
were definitely fewer broad-leaved weeds, 41
plants/m?.

Table 1. Effect of wheat density on grain yield and yield of broad-leaved weeds in pure sown mixed stands.

Grain yicld') Broad-leaved weeds kg/ha!)

Stand

h kg/ha T. inodorum Other weeds
Sparse wheat e 4280b 02 160°
Sparse wheat+T. nodorum . ....................o... 2840° 3560° 50
Dense Wheat ...ttt 5450d 02 10420
Dense wheat+T. inodoram . ................ccooo... 4420° 1940P . 207
T i0dortm e — 6520 210¢

'} Figures with the same letter index in the same column are not significantly different at the level of P = 0,05.
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The yield os the broad-leaved weeds varied
considerably in the different stands (Table 1),
and showed that they were somewhat more
succesful in competing with pure wheat than in
other stands. Their yield was highest in the
stands of purely sown T. inodorum.

T. inodorum gave its highest yield sown as a
pure stand (Table 1). The grain yield of wheat
was higher in the dense stands than in the sparse
ones and decreased in both when T. inodorum
was present. The harmful effect of T inodorum
was particularly evident in sparse wheat and

caused a 34 % drop in the wheat yield.

Mecoprop treatment

Mecoprop treatment reduced the amount of T.
inodorum in all stands where it occurred (Table
2). The reduction was most evident in the
mixed stand of dense wheat and T. inodorum in
which the latter occurred most abundantly. The
treatment also lowered the number of other
broad-leaved weeds in all stands except the
mixed stand of dense wheat and T. inodorum.

In the dense, mixed stand treated with
mecoprop, the yield of T. inodorum was only
1.8 % that of the control (Fig. 1). In other

Table 2. Effect of wheat density and mecoprop treatment on the number of broad-leaved weeds in pure sown and mi-

xed stands.
Plants/m? ')
T. inodorum Other broad-leaved weeds
Sparse wheat, untreated ......... .. 04 ‘ 87°
Sparse wheat, mecoprop ................ .. . ... " 0? 722
Sparse wheat+T. inodorum, untreated .............. .. ... 275 b 94b
Sparse wheat+T. inodoram, MECOPIOP ... \'uvvvtan e, 160% : 582
Dense wheat, untreated ............... ... .. . . .. .. 0 9sb
Dense wheat, mecoprop ..................... ... ... ... 0* 552
Dense wheat+T. inodorum, untreated ........ ... ... .. ... . 812> 612
Dense wheat+T. inodorum, MECOPIOP oo veeee e, 2372 522
T. inodorum, untreaved ............. ... ... ... . ... 244b 55 b
T. inodorum, mecoprop .................... ... ... 1322 278

~—

'

Figures with the same letter index in the same stand and column are not significantly different at the level of P = 0,05.

Table 3. Effect of mecoprop application time on the number of broad-leaved weeds in different stands.

Plants/m? ')
Stand
T. inodorum Other broad-leaved weeds
Sparsewheat ....... ... L 11th Oct. 12 gsb
10th May 2 533
29th May 12 82b
Sparse wheat+T. inodorum ... ... ... ... ..., 11th Oct. 302 i 72b
" 10th May 167° 482
29th May 284¢ 532
Densewheat ........................... 11th Oct. 0? 69¢
10th May 0° 412
29th May 0? 55b
Dense wheat+T. imodoram ............ ... . 11th Oct. 182 80¢
: 10th May 335¢ 43b
29th May 233b 332
T.inodovum ... ... ... .. ... .. ... . .. ..., 11th Oct. 14?2 282
10th May 1490 - 282
29th May 233¢ 242

'} See explanation in Table 2.
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stands containing T. #nodorum, mecoprop
likewise decreased the yield in this species
although the drop  was relatively smaller
than in the above case.

Mecoprop treatment reduced the yield of
other broad-leaved weeds in pure sown stands.
On the other hand, in stands sown with T.
inodorum, the yield of other broad-leaved weeds
was higher in the treated than in the untreated
‘'stands (Fig. 1). .

The effect of mecoprop on the grain yield \

varied in the different stands. In sparse wheat
with no T. #nodorum, mecoprop reduced the
grain yield (Fig. 1). In dense, pure sown wheat
its effect. was not significant. In wheat stands

y .
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P '
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Fig. 1. Effect of mecoprop treatment on grain yield and
weight of broad-leaved weeds in different stands. 1 =
sparse wheat, 2 = sparse wheat with T. inodoram, 3 =
dense wheat; 4 = dense wheat with T. inodoram. Co-
lumns marked with the same letter in the same stand are
not significantly different at the level of P = 0,05.

Other broad-le’aved t\)/veeds

Relative weight

Relative weight

Wheat

llllillllll!l.lllllllllllllllllllllllllw é_;

Untréated

I Mecoprop

Fig. 2. Effect of mecoprop application time on grain
yield and weight of broad-leaved weeds in different

stands. Figures and letters as in Fig. 1.

sown with T. inodoram mecoprop treatment
gave a yield increase of 910 kg/ha in sparse and
680 kg/ha in dense stand.

Application time

In stands sown with T. inodorum the number of

‘plants and yield of this weed were reduced most

by autumn treatment (Table 3, Fig. 2). The
carlier spring treatment reduced the amount of
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T. inodorum better than the later, and in sparse
wheat it also reduced the yield of the weed.
Autumn treatment was less effective against
other broad-leaved weeds. In pure sown wheat
stands the number of broad-leaved weeds was
reduced more effectively by the early than by
the late spring treatment (Table,3). In mixed
sparse stands the spring treatments proved equal
in effect, while in dense stands the late spring
treatment was more effective than the earlier
one.

Spring treatments were more effective in
reducing the yield of broad-leaved weeds than
autumn treatment with the exception of the
mixed dense stand, in which the difference was
not statistically significant (Fig. 2). The spring
treatments were equal in their effect.

Autumn treatment was aggressive on the
grain yield in all stands (Fig. 2). Compared to
the early spring treatment, the yield reduction
was 190 kg/ha in the mixed dense stand and
varied in the others between 400—460 kg/ha.
The spring treatments affected the grain yield
differently in different stands (Fig. 2). In pure
sown wheat stands the yield was lower with
carly than with late treatments. In mixed stands
sparse wheat was adversely affected by the late
spring treatment, which lowered the yield.

Mecoprop dose

An increase in the mecoprop dose from 1,5 kg/
ha a.i. caused a reduction in the number of T.
inodorum (Table 4). There was also a decrease
in other broad-leaved weeds when the dose of

T.inodorum
b

100

Relative weight

Grain yield kg/ha

1 2 3 4 5
Doses E=1,5kg/ha 30kg/ha M 4.5kg/ha

Fig. 3. Effect of mecoprop dose on grain yield and
weight of T. inodorum in different stands. Figures and
letters as in Fig. 1.

Table 4. Effect of mecoprop dose on the number of broad-leaved weeds in different stands.

Plants/m? 1)
Stand
T. inodorum') Other broad-leaved weeds
Sparse wheat ......... ... . L. 1.5 kg/h 0 ' 82>
30 ¢ 0 93b
4.5 0 573
Sparse wheat+T. inodoram .. ... ... .. ... .. 1.5 256° 63b
3.0 208 57P
4,5 1792 502
Dense wheat ... ... . 1.5 0 71P
3,0 0 422
4,5 0 482
Dense wheat+T. inodoram ... ... ... . .. 1,5 344¢ 65b
3.0 208" 48°
4,5 160* 4432
T.inodorum .. ... . ... .. ... .. . ... ... 1y 177° 322
3.0 1 543[) 242
4,5 " 144* 242

') Sec explanation in Table 2.
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mecoprop was increased to 3,0 kg/ha in dense
wheat and to 4,5 kg/ha in sparse wheat. In the
pure sown T. inodorum stand the differences in
the doses of mecoprop caused no variation in
the number of broad-leaved weeds.

The yield of T. inodorum was reduced when
the mecoprop dose was increased to 3,0 kg/ha
in sparse wheat and to 4,5 kg/ha in other stands
sown with T. inodorum (Fig. 3). On the other

hand, no differences attributable to the doses
appeared in the yicld of other broad-leaved
weeds.

An increase in the dose of mecoprop caused a
reduction in the grain yield (Fig. 3), with the
exception of the sparsely sown pure wheat
stand, where the highest grain yield was
' obtained when the mecoprop dose was 3,0

kg/ha.

DISCUSSION

In the pure sown cparse wheat stand there were
392 stems/m? and in the dense one 510
stems/m?. In corresponding mixed stands T.
inodorum crowded part of the growth space,
thercby increasing competition and causing a
reduction in the number of stems per unit area
of 23 % in sparse and 13 % in dense wheat
(Table p. 111).

Since the number of wheat plants which

emerged was not counted, it is difficult to

ascertain whether the reduction in stems in the
mixed stand was due solely to sparse tillering by
the wheat or also to a reduction in the number
of wheat plants. Presumably it was due to
sparse tillering, since competition reduces
development of shoots and branches (KaMmeL
1959, Ervio 1971, MELAaand Paatera 1974).
Very vigorous competition also prunes away
individual plants from stands, but in this case
the stands were hardly dense enough. It has in
fact been established that wheat will develop
main stems even in a stand of 2400 plants per
m? (MEeLa and PaateLa 1974). Had the wheat
in this experiment produced a main shoot only
there” would have been a total of 1319
plants/m? in the densest mixwd stand (Table 2).

In this experiment the number of other
broad-leaved weeds was lowest but the yield
highest in the stand of purely sown T. inodorum
(Table 2, Fig. 1), in which the individual plants
grew vigorously. The significance of broad-
leaved weeds as competitors is in fact better
illustrated by their weight than by their number.
The competitive ability of plants is often
measured by their effect on the yield of the

plant they are competing with (ERrvio 1972).
Since the yield of T. inodorum and other weeds
was at its highest in the stand of pure sown T.
inodorum (Table 1), both parties clearly seemed
matched as competitors. In the wheat stands,
however, other broad-leaved weeds did not
succeed as well. Their competitive ability was
not affected significant by the density of the
wheat alone (Table 1), but competition was
heightened so much-by T. inodorum sown into
the dense wheat stand that yield of the other
weeds remained at only some 10 % of the
maximum.

Distribution was wide in the yield results for
T. inodorum and thus seemingly large
differences did not prove statistically significant
(Table 1).

The reduction in the yields of T. inodorum
and wheat in the mixed stands (Table 1) shows
that both suffered from the competition. T.
inodorum proved weaker than wheat, showing a
drop in yield of 45 % in sparse and 70 % in
dense mixed stand compared to wheat, which
decreased by 34 % in sparse and only 19 % in
dense stand.

Mecoprop  treatment  weakened  the
competitive ability of T. inodorum, as evidenced
by the decrease in plant numbers and yield
(Table 2, Fig. 1).

The treatment also reduced the number of
other broad-leaved weeds, but increased their
yield in stands sown with T. inodorum. This is,
indeed, understandable since the disappearance
of T. inodorum allowed those broad-leaved
weeds that were not suspectible to mecoprop to
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crowd the empty space and grow luxuriantly.

The injurious effect of mecoprop on wheat
was manifest in a reduction in yield in sparse
pure sown wheat (Fig. 1). On the other hand,
in mixed stands the mecoprop. application
increased grain yield by restraining growth of
T. inodorum. The other broad-leaved weeds
were mainly annuals and were best suppressed
in the spring. The early spring treatment proved
more effective than the late one in the sparse

wheat stand sown with T. inodoram.
KovLidrvi(1974) likewise considers an early
spring treatment with mecoprop to be most
advantageous economically. On the other hand,
carlier studies (GRANSTROM and M ATTSON
1964, GranstrROM and DanrkvisT 1966,
MATIKAINEN and  PIETILAINEN 1966) and the
results of this experiment in a dense wheat stand
sown with T. inodorum showed that mecoprop
treatment is also suitable in late spring.
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SELOSTUS

Kylvétiheyden ja mekopropin kiytdn vaikutus syysvehniin ja saunakukkaan [Triplesrospermum
inodorum (L.) Schultz Bip.]

L EILA-RIITTA ERVIO

Maatalouden tutkimuskeskus

Kylvétiheyden ja mekopropin kiytén vaikutusta syysveh-
ndin ja saunakukkaan selvitettiin kasvustoissa, joihin kyl-
vettiin molempia lajeja yksindin tai seoksena. Suurin sau-
nakukkasato kehittyi lajin puhtaassa kasvustossa. Vehnin
jyvisato oli suurempi tiheissi kuin harvassa kasvustossa
ja viheni molemmissa saunakukan kilpailun vaikutukses-
ta.

Mekopropin kiyttd vihensi saunakukan lukumiirii ja
painoa suhteellisesti enemmin tiheidssi kuin harvassa veh-
nissi. Muiden rikkayrttien paino viheni mekopropin vai-
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kutuksesta saunakukattomissa vehnikasvustoissa, mutta
lisddntyi sekakasvustoissa, silli mekoproppia kestivit rik-
kayrttilajit kiyttivit saunakukalta vapautuneen kasvutilan
ja rehevoityivit.

Mekoproppikisittely pienensi jyvisatoa harvassa veh-
nissd. Saunakukkaa sisiltineissi kasvustoissa se lisisi jy-
visatoa 910 kg/ha harvassa ja 680 kg/ha tihedssi veh-
nissd. Syksykisittely tchosi parhaiten saunakukkaan,
mutta pienensi jyvisatoa. Edullisin mekopropin levitys-
ajankohta oli varhainen kevit.
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CONTROL OF APHIDS ON SWEET PEPPERS, CHRYSANTHEMUMS AND ROSES
IN SMALL GREENHOUSES USING THE LADYBEETLES COCCINELLA
SEPTEMPUNCTATA AND ADALIA BIPUNCTATA (COL., COCCINELLIDAE)

Matri HAMALAINEN

H AMALAINEN, M. 1977. Control of aphids on sweet peppers, chrysanthemums and
roses in small greenhouses using the ladybeetles Coccinella septempunctata and Adalia
bipunctata (Col., Coccinellidae). Ann. Agric. Fenn. 16: 117—131. (Agric. Res. Centre,
Inst. Pest Inv., SF-01300 Vantaa 30, Finland).

Larvae of Coccinella septempunciata and Adalia bipunctata released on chrysanthemums and
sweet peppers infested with the green peach aphid, Myzus persicae, prevented the aphid
population growth and decreased aphid numbers. A. bipunctata larvae were more effective
on sweet peppers and C. septempunctata larvae on chrysanthemums.

Effective control of Myzus persicae was gained in less than two weeks when one first
instar larva of A. bipunctata was released to each —10 aphids on sweet peppers, and one
larva of C. septempunctata to about 5O aphids on chrysanthemums. )

Larvae of both species were ineffectual in controlling the rose aphid, Macrosiphum
rosae, on roses. This was mainly due to poor ability in the first and second instar larvae to
remain on the rose plants and search.

Adults of both species were rather ineffectual in controlling aphids during spring and
summer since most of them flew off the plants soon after introduction. However, C.
septempunctata adults proved effective in controlling aphids on chrysanthemums in autumn.

Egglaying by the adults released in greenhouses was irregular and scanty, and
hatchability was rather low. Adults of A. bipunctata laid eggs more readily than C.
septempunctata.

It does not appear to be possible to establish a self-perpetuating ladybeetle population
in the greenhouse to prevent aphids from reaching destructive numbers during the entire
growing season. Control is best gained by inundating the greenhouses with eggs several
times during the growing season.

Index words: Coccinella septempunctata, Adalia bipunctata, effectivencss, adults, larvae, bio-
logical control, greenhouse, Myzus persicae, Macrosiphum rosae, sweet pepper, chrysanthe-
mum, rose, predator-prey ratio.

Several pests cause notable damage to

greenhouse cultures in Finland. The two-spotted

increasingly against spider mites and whiteflies
(Markkura 1977), but aphids are still

spider mite, whitefly and aphids are the most
harmful pests (MarkkULA 1969, MArRKKULA 20d
Turranen 1977a). In commercial greenhouses,
biological control agents are being used

controlled solely by insecticides.

In many countries research has focussed
recently on the possibility of using natural
enemies in controlling aphids in greenhouses.
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The effectiveness and suitability of chrysopids
has been tested e.g. by Scores(1969) and
TuLisaLo and TuoviNen (1975), of syrphids by
BonDarRENKO (1975), of cecidomyiid midges by
BonDARENKO (1975) and Markkura and
Tirranen (1977b), and of parasitic wasps by
Lyon (1968), Scopes (1970) and TREMBLAY
(1974). The effectiveness of ladybeetles for
aphid control in greenhouses has been under
evaluation in, for instance, Great Britain
(Gurney and Hussey 1970, Gurney 1971),
the Soviet Union (Apasskevich 1975), and
France (G. IpErTI pers. comm.). GURNEY and
Hussey (1970) evaluated the efficiency of
Coleomegilla maculata (de Geer), Cycloneda
sanguinea (L.), Coccinella septempunctata L. and
Adalia bipunctata (L.) larvae against the green
peach aphid, Myxus persicae (Sulz.) on
chrysanthemums and against the cotton aphid,
Aphis gossypii Glov. on cucumbers. C. sanguinea
proved to be the most efficient predator on both
plants. ApAsHKEVICH(1975) summarized briefly

work done by N. I. Yershova on the efficacy of
C. septempunctata, Adonia variegata (Goeze) and
Semiadalia undecimnotata (Schn.) against Aphis
gosyp# on  cucumbers, of which C. sep-
tempunctata proved the most efficient.

In Finland experiments were started in 1970
to study the effectiveness and suitability of
ladybeetles in aphid control in greenhouses. A
few preliminary results with C. septempunctata
larvae were reported by Markkura et al.
(1972). The present paper describes further
experiments with larvae and adults of C.
septempunciata and A. bipunctata against Myzus
persicae on sweet peppers (Capsicum annuum 1.)
and chrysanthemums (Chrysanthemum mori-
folium Ramat)) and against the rose aphid
Macrosipbum rosae (L.) on roses (Rosa sp.).

e main purpose of the experiments was to
find out the effect and behaviour of both larvae
and adults on different plants, and the
developmental stage most suited to their
introduction.

GENERAL METHODS

The bulk of the experiments were carried out in
experimental greenhouses at the Institute of Pest
Investigation. Simultaneous tests were arranged
in two to four separate greenhouse compart-
ments'), each 9 m? of area (25 m?). Two
control experiments were carried out in
commercial greenhouses, one on chrys-
anthemums and one on roses. The tests were
conducted during 1972, 1974, 1975 and
1976.

Experiments on sweet pep-
pers. The number of plants in one
experimental greenhouse varied from 12 to 34
in the different tests. The cultivar used was
Pedro. The plants were planted at intervals of
30—50 cm, according to:the common practice.
Three of the control tests were conducted soon
after planting, when the plants were 15—30 cm
high, and four used more sizeable plants, 50—
70 cm high. Only the larger plants formed a
uniform leaf canopy. All tests were performed

') later referred to as the “greenhouse”
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during summer, from late May to late August.
Natural daylight prevailed in the greenhouses.
Mean weekly temperatures in the greenhouses
varied from 19—27°C in the course of the
different tests. _
Experiments on chrysanthe-
mums. Two experiments were conducted on
the spring crop (March-June) and four on the
autumn crop (August-November). About 150
seedlings (c. Tuneful) were planted in each
experimental greenhouse between 10 and 12
cm apart. The growing stand was not
darkened: for this reason only the autumn crop
produced flowers. The size of the plants during
the tests varied from 15—50 cm. Mean weekly
temperatures ranged from 19 to 24°C during
the autumn crop and between 19—26°C during
the spring crop. ’
Experiments on roses. There
were 24—32 plants planted. at intervals of 30
cm (c. Junior Miss or Mercedes) in each
experimental greenhouse in different tests. The

growing stand was about 40—60 cm high and



rather sparse. All four experiments were carried

out between April and August, during which
time the mean weekly temperatures varied from
20 to 25°C.

Infection,and counting the
aphids. In experimental greenhouses the
plants were infested with aphids manually,
either by introducing a few virginoparous
females or by placing an infested leaf with a
mixed aphid population on each plant. In
commcrmal crops the infestation was natural. In
some cases successive tests were performed on
the same plants. The number of aphids was
either reduced or increased artificially between
the tests if necessary for the test arrangements.
For some tests the aphid numbers were adjusted
so that they were the same on all plants at the
start.

In some experiments on peppers the number
of aphids were counted from three leaves on
each plant. The leaves were selected at random,
one from the top, one from the middle and one
from the lower part of the plant.

At the beginning of cach test the total
number of aphids on the plants was also
counted to ascertain the original predator-prey
ratio. In all the experiments on roses and in
some on peppers the total number of aphids was

counted from 8--12 sample plants in each
greenhouse. On chrysanthemums the number of
aphids was counted from 20 plants in each
greenhouse; the plants were selected at random
for each count.

Introducting and counting
the predators. The ladybeetles were
introduced onto the plants as eggs, first-instar
larvae or adults. Eggs were introduced on a slip
of péper or leaf with an egg cluster; and larvae
were transferred to the top of each plant using -
an artist’s brush.

Adults were released evenly on all plants.
The adults used were either field-collected or
2—4 week old laboratory-produced adults. The
numbers of predators and their developmental
stages were always counted from all plants and
greenhouse structures.

In some of the tests other aphid enemies
intervened. The greatest problems were caused
by the cecidomyiid midge Aphidoletes
aphidimyza (Rond.) on peppers and roses and -
the chalcid wasp, Aphidius matricariae (L.) on
peppers and chrysanthemums. Although larvae
of A. aphidimyia and parasitized aphids were
picked off the plants daily, they had a marked
influence on the effect of control in some cases,
which is discussed in detail later.

EXPERIMENTS AND RESULTS

Sweet peppers
Efficacy of larvae

In three experiments the efficacy of larvae
against Myzus persicae in small-sized sweet
peppers at the beginning of aphid infestation
was tested.

Larvae of A. bipunctata released in a
predator-prey ratio of 1:5 yielded good control.
By a release ratio 1:10, A. bipunctata larvae
also decreased aphid numbers by half in ten
days, but larvae of C. septempunctata could not
prevent aphid increase. A release ratio of 1:20
was also inadequate with A. bipunctata. In all
experiments the pupation rate was low in

predators, 0—10 % (Table 1).

In an experiment on very heavily infested
plants, the larvae of both species stayed on the
plants well, and pupation rate was higher than
in the previous experiments. Neither species was
able to decrease the aphid numbers, A.
bipunctata larvae had, however, greater effect in
suppressing the aphid population growth (Table
2). The larvae stayed mostly on the top part of
plants. During a check, fourth instar larvae were
situated on the plants as follows:

A. bipunctata C. septempunctata
Toppart ........... 71.0% 87.0%
Middle part ........ 18,0 12,0
Lowerpart ......... 11,0 1,0
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Table 1. Effectiveness of larvae on small sweet peppers during the initial phase of Myzus persicae infestations. At the u-
me the predators were released the number of aphids on all plants was equalized.

On release of predators 10 days after release
Aphids/ plant % of larvac
pupated
Predator-prey ratio Aphids/plant Mean Range .
A. bipunctata ... ... 1:5 50 2+ 1,6 0— 32 0
1:10 100 56 + 18,0 2— 314 8
1:20 100 317 + 89,8 23— 880 10
C. septempunctata ........... 1:10 100 140 + 25,0 40— 280 6
1:20 100 1440 +261,0 600—3200 0
Control .................. 100 2220 +430,1 450—-3400
Table 2. Effectiveness of larvae against Myzas persicae on heavily infested sweet peppers.
A. bipunctata C. septempunctata

Mean Range Mean Range

Aphids/plant 'Yonrelease .............. 4100 + 610 1300—-11300 3200 + 550 100-8100

Predator-prey ratio onrelease ........... 1:410 1:460
Increase of aphid population in 10 days ... 240 % 460 %
% of larvae pupated ............. ..., 73% 43 %

1) Based on 3 leaf count

C. septempunctata larvac kept mostly to the
upper surface of the leaves. During the check 95
% of the larvac were on the upper surface and
only 5 % on the under surface of leaves. The
corresponding percentages for A. bipunctata
larvae were 32 and 68 %.

A considerable proportion of .full-grown C.
septempunctata larvae moved away from the
plants for pupation, 53 % of the pupae recorded
in the greenhouse were on plants and 47 % on
walls or other surfaces. On the other hand,
almost all (99,6 %) of A. bipunctata pupated on
plants.

Efficacy of adults

A. bipunctata. Two to three weeks old adults of
A. bipunctata taken from laboratory cultures
were released on sweet peppers in two
greenhouses:

3 beetles/plant in greenhouse 1

2 beetles/plant in greenhouse 2
Greenhouse 3 was an untreated control
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At the time of introduction there were about
500 aphids (410—680) per plant.

About 50 % of the beetles had disappeared
from greenhouses 1 and 2 in three days (Figs. 1
and" 2). Those that stayed longer laid eggs.
Eggs were laid on almost all plants (Table 3),
mostly on the undersides of middle leaves. Egg
cannibalism by the adults was common, about
10 % of the eggs were eaten in both
greenhouses. A greater number of larvae
pupated and adults emerged in greenhouse 2
due to greater quantities of aphids on plants
(Figs. 1 and 2). The newly-emerged adults laid
eggs, but they were not evenly distributed on
plants (Table 3). The larvae hatched pupated in
11—-12 days. At this phase the test was
discontinued.

In greenhouse 1, where the initial predator-
prey ratio was about 1:100, the number of
aphids remained quite low for one month. The
number of aphids started to rise at the same
time as the second generation adults
disappeared from the plants and the eggs laid
by them had not yet hatched (Fig. 1).
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peppers without predators. Cf. Figs. 1 and 2.

Table 3. Introduction of adult Adalia bipunctata on
sweet peppers. Data on egg- laymg and percentage hatch
of eggs. Compare with Figs. 1 and 2.

Greenhouse 1 Greenhouse 2
§ adulrs/plant 2 adults/plant
INTRODUCED
ADULTS
Eggs laid / plant 71,8+ 11,2 323+34
Eggs / released adult 14,4 16,2
% of plants with eggs 100 95
Hatching % of eggs 25,1 37,6
EMERGED ADULTS
Eggs laid / plant 229+9,.2 27,1 + 10,1
% of plants with eggs 64 41
Hatching % of eggs 34,5 47,7

In greenhouse 2 the initial predator-prey
ratio was about 1:250. This was not sufficient -
and the aphids multiplied many times during the
next month. High aphid numbers enabled a
greater predator population to be established in
the second generation as compared with that in
greenhouse 1, but the aphids had increased to
such numbers that the plants were destroyed.
The second generation of larvae did not cause
the rapid decrease in aphids (Fig. 2), which was
due to the plants withering and dying. In the
control greenhouse, aphids multiplied rapidly
(Fig. 3).

The predators did not eat as much on all
plants. In greenhouse 1 about 2/3 of the plants

were almost completely free of aphids at the
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end of the test, but the rest were heavily
infested. This was mostly due to the fact that
the second generation adults did not lay eggs on
all plants, and the young larvae did not move
from plant to plant because the growing stand
was sparse.

C. septempunctata. Laboratory produced, 1—2
weeks old, adults of C. Seprempunctata were
released on sweet peppers in three greenhouses
in following predator-prey ratios:

Predator-prey Aphids/plant
ratio Mean Range
Greenhouse
! 1:23 82+ 7.0 33-130
2 1:38 1323200 49264
3 1:55 1944327 57-390
4 Control 170+29,5 48—-340

After two days 57, 62 and 60 % of the
beetles were still on the plants, after five days
17, 26 and 21 % and after 12 days 7, 2 and 2
%. The beetles had no effect in suppressing the
aphid population growth. Three leaf counts
showed that the aphids increased 40—60 fold
in all four greenhouses

No eggs were laid in greenhouses 2 and 3,
but several egg clusters were laid in greenhouse
1 10—-12 days after the introduction.
However, ‘the larvae hatched too late to

decrease the aphid population.



Comparison of introductions of egg and adult A.
bipunctata

Sweet peppers planted in four greenhouses were
infested with 100 aphids on each plant. The
following day eggs or adults of A. bipunctata
were placed on the plants as follows:

Greenhouse 1 10 eggs/plant
2 30 eggs/plant
3 60 eggs/plant
4 § adults/plant

Control plants were kept in pots in a fifth
greenhouse. The adults were 2—3 weeks old
and were laboratory bred.

The eggs placed in the three greenhouses
hatched within two days, but the percentage
hatched was rather small, 24—37 %. The bulk
of the adults disappeared from greenhouse 4 in
a few days. Eggs were, however, laid, and the
larvae hatched in 5—8 days from the time the
adults were released, or only 4—6 days later
than in the greenhouse where eggs were placed

manually (Table 4).

Table 4. Comparison of the introduction of eggs and adults of Adalia bipunctata on sweet peppers against Myzus
persicae. Data on ladybeetles. Cf. Fig. 4 on the aphid populations. '

Greenhouse 1 Greenhouse 2 Greenhouse 3 Greenhouse 4
Eggs/plant 10 30 60 Adults / plant 5
Larvae hatched/ plant 3.4 + 0,6 110+ 1.6 15.4 + 2.4 Adults left/ plant
Hatching % of eggs 34,2 36.5 25.6 after 1 1,4 (28 %)
Predator-prey ratio 3 days 0,5 (10 %)
at hatch 1:45 1:15 1:10 8 0.1 (2%)
PUPHC_/ plant 26+ 04 30+04 0.2 +0,1 Eggs laid/ plant 45,8 +4,7
Pupation % 76.8 27.4 1.4 Larvae hatched/plant 11,I'+ 1,4
Hatching % of eggs 24,3
Pupac / plant 2,5 + 0,6
Pupation % 22,4
350+ //
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Fig. 4. Comparison of egg and adult introduction of Adalia bipunctata on
sweet peppers to combat Myzus persicae. Number of aphids (mean per 3 leaves)
in greenhouses, where eggs or adults were introduced on August 6. Cf. Table 4

for ladybeetles.
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In greenhouse 3 where the larvae aphid ratio
was about 1:10 at time of hatching (August 7),
complete control of aphids was achieved (Fig.
" 4). When aphids became scarce the larvae
disappeared or died and the pupation rate was
low (Table 4). In greenhouse 1, with a ratio of
about 1:45, the larvae were not able to decrease
the numbers of aphids and large numbers of
aphids gave rise to a high pupation rate. In
greenhouse 2 and 4 the aphid population was
about the same throughout the experiment (Fig.
4). In greenhouse 4 the decrease in the aphid
population was caused by larvae hatched from
eggs laid by the females released. After the
larvae started to pupate, aphids increased again.

Apbidoletes  aphidimyia  larvae attacked
greenhouse 1 on August 8—9 and caused a
temperary retardation of aphid "population
growth. A. apbidimyia was also present in
greenhouse 4 between August 11—14 at the
same time as the A. bipunctata larvae hatched.

Chrysanthemums
Efficacy of larvae

C. septempunctata larvae released on an autumn
crop of chrysanthemum in a predator-prey ratio
of 1:43 gave good control of Myxus persicae, as
did also A. bipunctata larvae when released in
ratios of 1:16 and 1:75 (Table §). Aphid
numbers decreased rapidly, and no
septempunctata rveached pupal stage. A greater
number of A. bipunctata pupated when there
were more aphids on plants at the time of
“introduction (Table J).

A. bipunctata larvae released on a spring crop
during the initial phase of aphid infestation
(77+10,1 aphids/plant) in a predator-prey
ratio 1:39 decreased aphid numbers to an
average 17+4,3/plant, but the aphids increased
rapidly when the ladybeetles started to pupate
10—11 days after introduction (Fig. 5). The
pupation rate was 13 %. The adults which
emerged disappeared from plants in one week
without having laid eggs.

Afterwards C. septempunctata larvae were
released on plants infested with an average of

217+43,7 aphids/plant in a predator-prey
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Aphids/plant
Range

Control

Mean

4—-108
31—-145
40-250

39+6.,9
90+7,7
128%12.1

% larvae
left on
plants

100

Range

3 larvae/plant
1:16

A. bipuncrata

Aphids/ plant

Mean

2.4
0.6 %

20,3
Pupated

2— 40
9
6

11-127
0—
0—

2+0.4

47+7.,6
12+2,0
4+0,5

% larvae
left on
plants

Range

1 larva/plant
1:75

A. bipunctata

Aphids/ plant

Mean

100
39.4
19.0

Pupated
17,3 %

9— 99
4-128

10—135
2—

~eav
A\~ O
F £+ F
W™D~ O

™~ e —

% larvae
left on
plan[s

100

Range

C. septempunctata
1 larva/plant
1:43

Aphids/plant

Mean

1,3

16,7
0

21-89
5—46
0—13
0— 8

240.4

43442
25+2,9
4+0,7

Table 5. Effectiveness of larvae against Myzus persicae on autumn crop of chrysanthemums.

Days from
release

v~ 00 N

Release




ratio of 1:43. Aphids decreased to § + 1,3 per
plant in two weeks (Fig. 5). When aphids
became scarce the larvae disappeared from the
plants, and only 3 % pupated in the greenhouse.
The adults which emerged disappcared from
plants and no eggs were laid. |

C. septempunctata larvae released on heavily
infested spring chrysanthemums.in a predator-
prey ratio of 1:150 were also able to reduce
aphid numbers from about 1 000+£150 to c.
400445 in two weeks. Five days after
introduction the larvae had already cleared the
top whorl from aphids. 30 % of the larvae
pupated in the greenhouse.

Efficacy of adults

On autumn crop. Adults of both species
were tested on an autumn crop. The beetles used
had emerged in nature in the summer and were
stored for 2 months at §—7°C before use. One
week before release the adults were transferred
to 12°C and were fed with honey water. Only
C. septempunctata adults proved effective (Table

i

6). Some of the C. septempunctata adults which
disappeared from plants went to hide below the
soil bed structures, and reappeared on the plants
when aphids became abundant again.

C. septempunctata adults were also released on’
an autumn crop in a commercial greenhouse
(600 m?, several chrysanthemum cultivars).
Altogether 1 000 adults were released on or
around about 30 infested plants (3—30 aphids
on each) in different parts of the greenhouse.
Although most of the beetles soon flew away,
some beetles stayed on infested plants and fed
on aphids, and the aphid population remained
at the same level for two weeks, after which the
aphids started to increase and chemical control
was required.

On spring crop. Adults of A
bipunctata were released on a spring crop,
together ‘with larvae of the same species. The
effect of adults alone is therefore not seen
directly, but a comparison of Figs. 5 and 6
shows that when adults and larvae were
released together control was more rapid. This
is presumably due to the voracity of adults,
because aphid consumption by larvae is small

Table 6. Effectiveness of adults against Myxus persicae on autumn crop of chrysanthemums.

C. septempunctata
2 adults/plant, 1:12

C. septempunctara
2 adults/plant, 1:50

Bﬂﬁe{mm Aphids/plant % adults “left Aphids/plane - % adults left
Mean Range Mean Range
Release - 23 + 4,3 0—64 100 100 + 8,8 55—160 100

2 - - 15,2 — - 36,4
4 - - - 82 + 14,2 18—230 29.8

6 4 + 0,6 0—10 4,2 - - —

8 3+04 0— 7 5,31 6 + 09 0— 12 9.9
12 - - 3% 0.4 0— 7 77 -
21 = - - 2102 0- 9 4,0

A. bipunctata A. bipunctata
2 adults/plant, 1:16 2 adults/plant, 1:39
Release. 32+ 4,6 4-76 100 78 +9,0 16—163 100

2 - — 12,5 - - -

4 — - — 65 +104 2—140 3,4%)
6 55 +9,5 2-125 1,2 - — —

8 67 +9,6 7-132 2,7 42 + 6,5 0-110 0,4%)

1) After that, 15,3 % of the adults released were found from the greenhouse (see text ).
?) Tn addition, several adults of C. septempanctata recorded on plants, the decrease in aphid numbers was mostly caused by them.
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Fig. 5. Introduction of ladybeetle larvae on spring crop of chrysanthemums.
Dynamics of Myxus persicae populations. Mean number of aphids per plant with
S. E. values. For the predators see text.
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Fig. 6. Introduction of Adalia bipunctata larvae and adults on spring crop of
chrysanthemums. Dynamics of Myzus persicae populations. Mean number of
aphids per plant with S. E. values. For the predators see text.

during the first few days. Four days after
introduction, however, only 2 % of the adults
were left on the plants and altogether only 3
egg clusters were laid. After pupation (pupation
rate 8 %) and disappearance of the adults the
aphids started to increase rapidly. Three adults
and one larvae were released on each plant
when aphids had increased to an average of
405+52,9/plant (Fig. 6). The predator-prey
ratio was thus about 1:100. The adults stayed
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on the plants better possibly due to the greater
abundance of aphids: after one day 47 % and
after five days 12 % of the adults were left on
the plants. However, only one egg cluster was
laid. Pupation rate was 15 %. Only a temporary
decrease in aphid numbers was achieved.

On spring chrysanthemum the population
growth of Myxus persicae was rapid in the
absence of natural enemies. Aphids multiplied as
follows: ’



Aphids/plant

’ 'Mcan Range - )
April 28 ... .. ... 82+ 11,1 34— 149
May 5 ... o 256+ 20,7 132— 317
May 10............ 1295+160.0°  649—1900
May 14 .ol 2050+145,7

1100-2500

Compare thh Flgs 5 and 6. For aphid
population growth on autumn chrysanthemums

see Table J.

!

Roses
Efficacy of larvae

C. seprempunctata larvae disappeared from
plants, most of them as early as durmg the first
instar, or at latest in.the second instar. Only in
one case did two larvae moult to third instar on
plants. The larvae dlsappeared from the plants
as rapidly irrespective of the numbers of rose
aphids per larvae on the plants, and no control
of - aphids” was achieved. There were about
140—160~aphids per plant at release of the
predators, and the predator prey ratios tested
were 1:4, 1:30 and 1:150.

A. bi[mhcmm larvae stayed on the plants
shghtly bétter but though they slowed down the
aphid ‘increase to some extent, they were not
able to decrease aphid numbers. When first
instar larvac were released on plants infested
with an average of 125+24,9 aphids/plant in a
predator-prey ratio 1:12, about 30 % of the
larvie were left on the plants after four days

-(2nd and 3rd instar), and 7 % of them pupated

on plants- 11—-12 days - after introduction.

During that time the aphids had multlplxed 4

\
\

'-.% had pupated on plants.
Aphidoletes aphidimyza invaded the greenhouse
“and the latvae decreased the aphids. In spite of

times. In control plants, the increase was about
6 fold. ,

The same initial predator—prey ratio of 1:12
was used in another cxperlmcnt which was
started when the roses. were ‘alteady quite
heavily infested, an average of 372+24,5
aphids/plant. After five days only-13.% of the
A. bipunctata larvae were left and a total of 5,5
Simultaneously .

the- great riumbers of A. aphidimyza larvae on
the plants, the number of aphids was about the
same (379+25,5) after 12 days when the
ladybeetle larvae had pupated. Without the
interference- of A. aphidimysa, the numbers of
aphids would have multiplied many times.

Eﬁ?cacy of adults

Adult C. septempanctdta collected from hi-
bernation sites in late May were released in a

" commercial greenhouse (120, m?, ¢. Minicold

and Belinda), whete there was an initial rose
aphid population.

_Altogether 2 000 beetles were released in
two stages on the infested plants. “The first
introduction, 500 beetles, was carried out when

“there were 8 infested plants at one end of the

greenhouse -(about 60—80 aphids/plant). Some
of the beetles flew away immediately.and after
four days only 2 % were left on plants, the .
others having flown away and disappeared, and

- more plants were infested. A ‘further 1 500

adults were introduced. when there were 35
infested ‘plants. Again, about 2 % of the beetles .
were left on the ‘plants after four days, and
infestation had spread to 46 plants, after which
the greenhouse was treated with insecticide.

' DISCUSSION

The results 1nd1cate that ladybeetle larvac are

more effective in controlling aphids than the
adults. This is because the adults do not stay on

the plants but tend to fly out of the gréenhouse,

3

espccially' if aphids are not very plentiful. A

number of the adults released on plants

disappear immediately after introduction.
Laboratory produced adults seem to stay on

127



the plants better than beetles collected outside.
C. septempunctata collected in the field and
released in spring on roses were especially likely
to leave. On the other hand they stayed on
chrysanthemums quite well in autumn, and were
also effective in controlling aphids, whereas
adult A. bipunctata disappeared rapidly and
were ineffective.

Laboratory produced A. bipunctata adults
seem to lay eggs more readily than those of C.
septempunctata when introduced in greenhouses.
A. bipunctata laid considerable more eggs on
sweet peppers than on chrysanthemums. On
sweet peppers the numbers of eggs laid were
also small, only about 20—30 eggs/female
released, which represents only a fraction of the
potential fecundity of the beetles. However, the
eggs were laid evenly on the plants, in the same
way as the adults were released.

Due to the unwillingness of adults to stay on
the plants and their failure to lay eggs, it is not
worthwhile introducing the ladybeetles as
adults. This was also concluded by GurnEgy and

-Hussey (1970).

Comparison of larvae

HAMALAINEN et al. (1979) recorded that larvae
of C. septempunctata are potentially more
voracious on Myxus persicae than larvae of A.
bipunctata. However, the present experiments
indicate that A. bipunctata larvae are more
effective as predators of Myzus persicae on sweet
peppers, whereas C. septempunctata larvae are
more effective on chrysanthemums. This seems
to be due to varying ability in the larvae to stay
and search on different growing stands. A.
bipunctata larvae stayed on peppers better than
C. septempunctata larvae. This was also shown in
an carlier experiment (Anon. 1973). A.
bipunctata larvac stayed and searched mostly on
the undersides of pepper leaves, where most of
the aphids are located, whereas C.
septempunctata larvae kept on the upper sides of
the leaves. The behaviour of A. bipunctata
larvac makes them more efficient. On infested
peppers the aphids are usually distributed all
over the plants. Larvae placed at the top of the
plants first clear the top part from aphids, thus
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protecting the developing flower buds, the most
vulnerable parts of the plant. The larvae are less
efficient in controlling aphids on the bottom
leaves, which are less harmful to the plants. The
aphids can, however, move rapidly from
infested bottom leaves to other parts of the
plants.

On chrysanthemums the aphids are usually
located on the top whorl and on the upper
surface of top leaves, but the lowest leaves are
also often infested. C. septempunctata larvae are
especially effective in clearing aphids from the
top parts of plants.

Neither species proved effective on roses.
This"is mainly due to the poor ability of first
and second instar larvae to stay and search on
plants (see also ANoN. 1973). Especially the
small C. septempunctata larvae were easily
dislodged from plants. Once they fall to the
soil, the small larvae seldom find their way back
to the aphids, which are mostly located on the
flower buds or on the young shoots. The bulk of
rose foliage is free from aphids. It is well known
that ladybeetle larvae fail to locate prey before
actual contact (f.i. BaNks1957) and that small
larvae are rather poor at searching (BoLDYREV,
and WILDE 1969, Dixon 1970, WRrATTEN
1973). Third and fourth instar larvae, especially
those of A. bipunctata, stay better on roses
(ANON.1973). However, in greenhouses most
larvae disappear from roses before they have
developed to the more enduring instars.

In a preliminary experiment (M ARKKULA et
al. 1972) partial success was reported in
controlling rose aphids in a commercial rose
crop (c. Junior Miss) using C. septempunctata
larvae. There were, however, only a few
infested plants in different parts of the
greenhouses, and predators were placed on the
same plants several times in very unfavourable
predator-prey ratios, even 5:1. The control
method used in the preliminary experiment was
very time-consuming and out of the question for
practical application.

The natural habitat of the two ladybeetle’
species seems to be reflected in the effectiveness
of larvae on different plants. A. bipunctata,
which is mainly from arboreal habitats, does
better on "bushy” sweet pepper and rose stands,
whereas C. septempunciata, which mainly inhabit



fields, does better on thick chrysanthemum
stands. In general, A. bipunctata larvae seem to
stay on plants better than larvae of C.
septempunctata (see also Anon. 1973). The
poorer retention of C. septempunctata on plants
may also be due to greater manoeuverability.
Fourth instar C. septempunctata larvae usually
leave the plants to pupate elsewhere. According
to Hopek (1973 p. 80—81) the high retention

of A. bipunctata larvae on arboreal plants is due

to their morphological characteristics, such as

the shape of the body and the pronounced
adhesive organ on the 10th abdominal segment,
and to behaviour. Putman(1964) found that
when larvae of A. bipunctata are disturbed they
cling tenaciously to leaves, whereas Coccinella
spp. tend to curl up and drop off.

Predator prey ratio

Myzus persicae multiplies more rapidly on sweet
peppers than on  chrysanthemums  (cf.
Markkura et al. 1969, Markxura and
Turranen 1974, and results on the control
plants in the present paper). Thus larger
numbers of predators are required for complete
control of aphids on peppers. One first instar
larvae of A. bipunctata to 5—10 aphids is
required on peppers, whereas 1 C
septempunctata larvae to about 50 aphids is
adequate on chrysanthemums in spring. In
autumn aphid multiplication is slower, and even
fewer predators may be sufficient on
chrysanthemums. This was, however, not tested
with C. septempunctata.

In  practical sweet pepper  cultures
temperature is more or less equal to that in the
present experiments. On the other hand, on
practical chrysanthemum cultures the aim is to
keep the temperature at 15—17°C, which is
lower than in the present experiments, where
aphid multiplication was thus “abnormally”
rapid. It .may be anticipated that at an ideal
chrysanthemum growing temperature the
ladybeetles would be at least as effective as in
the present tests (see Dunn1952).

The adequate predator-prey ratios de-
termined in the present test compare well

with those records published earlier. GuURNEY
and Hussey (1970) gained good control of
Myas persicae on chrysanthemums. and Aphis
gossypii on cucumbers by releasing second instar
Cycloneda sanguinea larvae at a predator prey
ratio of 1:20. Apasukevich (1975) reported
that good control of aphids was gained in ten
days when first instar C. septempunctata larvae
were released on cucumbers infested with Aphis
gossypii in predator-prey ratios of 1:50 and
1:100. The effectiveness of Adonia variegata

‘and Semiadalia undecimnotata larvae was less

marked.

Predator introductions

The experiments show that it is difficult or
impossible to obtain a self-perpetuating
ladybeetle population in greenhouses which
would keep the number of aphids below the
economic threshold throughout the whole
growing season. If larvae are released in
sufficient numbers to obtain good control of
aphids, the larvae disappear or die when aphids
become scarce and only a few pupate in the
greenhouses. The adults which emerge soon
disappear from plants, particularly because the
aphids -are still scarce. If a less favourable
predator-prey ratio is used at the introduction,
pupation rate is higher, but the aphids remain
abundant and rapidly increase to destructive
numbers while the beetles are still pupae. A new
A. bipunctata generation was however born and
the ladybeetles were able to prevent aphid
increase on peppers for one month when adults
were released in the greenhouse in a predator-
prey ratio of 1:100 (Fig. I).

The best way to obtain rapid control is to
flood the plants with large numbers of larvae.
This should be done before the aphids have
reached destructive numbers. Control should be
initiated when there are, at most, J0—100
aphids per plant on chrysanthemums, and 100—
300 aphids on green peppers. Larval
development lasts about 10—12 days in A.
bipunctata and in C. septempunctata 12—14 days
at  temperatures  usually  prevailing in
greenhouses during summer time. In the course
of their development larvac can reduce or
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almost wipe out an aphid population, but some
aphids always survive during the pupal period
of the predators, which lasts about 4—7 days.
New releases may become necessary in a few
weeks. :

This method of successive releases is similar
to that proposed for.the control of aphids on
sweet peppers by lacewing larvae by TuLisaLo
and TuoviNen (1975).

Introducing movable larvae on plants is very
time-consuming and impractical. If the larvae
are released at second instar, as was. done by’
Gurney  and Hussey (1970), the larvae
hatched should be provided with food before
being released, which is also very impractical.
The best way is to introduce the predators as
eggs, which are cemented on leaves or papers in
clusters in rearing jars. Newly hatched egg
clusters may also be introduced, before the
larvae disperse 12—24 hours after hatching.
New eggs should not be introduced before the
larvae have pupated for fear of cannibalism.

When  releasing  eggs, the hatching
percentage should be considered so as to obtain
a sufficient larvae population. In the present
tests hatching percentage in A. bipunctata eggs
was rather low, about 25—40 %. In similar
conditions the hatching percentage in C.
septempunciaia eggs is a little higher, 40—60 %
(unpublished data). At high temperatures (30—
40°C) a very low hatching rate may be
expected in A. bipunciata eggs (see HAMALAINEN
and MARKKULA 1977).

Thus for commercial needs, vast numbers of
eggs are required. This «calls for the
development of economical methods of mass
producing ladybeetles, using either their natural
prey or artificial diets.

This study is part of a project supported financially by
the Foundation for Research on Natural Resources in
Finland and the National Research Council for
Agriculture and Forestry (Academy of Finland).
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SELOSTUS

Kirvojen torjunta kasvihuoneissa leppipirkkojen avulla

. MATTI HAMALAINEN

Maatalouden tutkimuskeskus

Seitsenpiste- ja kaksipistepirkkojen soveltuvuutta kirvojen
torjuntaan selvitettiin pienissi noin 9 m? kasvihuoneissa.
Paprikalta ja krysanteemilta torjuttiin persikkakirvoja ja
ruusulta ruusukirvoja.

Aikuiset leppipirkot pysyivit huonosti kasveilla, ei-
viitki ne pystyneet torjumaan kirvoja kyllin tehokkaasti.
Tehokkaita olivat ainoastaan krysanteemeille syksvild siir-
retyt seitsenpistepirkot. '

Torjunta onnistui paremmin toukkia kiyttien. Kaksi-
pistepirkon toukat vihensivit persikkakirvojen midrii
paprikoilta tehokkaammin kuin seitsenpistepirkon toukat.
Paras torjuntatulos saatiin, kun kasvustoon siirrettiin 1
kaksipistepirkon I-asteen toukka 5—10 kirvaa kohti.
Krysanteemilla olivat seitsenpistepirkon toukat tehok-

kaampia. Yksi toukka 50O kirvaa kohti oli riittdvd peto-
saalissuhde. Kumpikaan leppapirkkolaji ei ollut tehokas
ruusukirvojen torjunnassa, koska niiden toukat eivit PYsy-
neet riittivin hyvin ruusuilla.

“Kasvihuoneisiin ei pystytd saamaan pysyvii ja jatku-
vasti lisddntyvid leppipirkkokantaa, joka pitiisi kirvojen
mdarin kurissa koko kasvukauden. Siksi kasvihuoneisiin
on siirrettdvi torjuntaelibiti useita kertoja kasvukauden
aikana. Kaytinnollisinti on siirtdd kasveille leppipirkko-
jen munaryhmii.

Ennen kuin leppipirkkoja voidaan kiyttii kasvihuo-
neissa on kehitettivi halpa menetelmi leppipirkkojen
munien massatuotantoon.
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COOL STORAGE OF COCCINELLA SEPTEMPUNCTATA AND ADALIA
BIPUNCTATA (COL., COCCINELLIDAE) EGGS FOR USE IN THE BIOLOGICAL

CONTROL IN GREENHOUSES

Mattt HAMALAINEN and MARTTI MARKKULA

HAMALAINEN., M. & MARKKULA,M. 1977. Cool storage of Coccinella spetempunctata
and Adalia bipunctata (Col., Coccinellidae) eggs for use in the biological control in
gréenhouses. Ann. Agric. Fenn. 16: 132—136. (Agric. Res. Centre, Inst. Pest Inv., SF-
01300 Vantaa 30, Finland).

At 35°C, a greater percentage of Coccinella septempunctata eggs hatched than those of
Adalia bipunctata. On the other hand, a lower temperature of 10°C was more suitable for
A. bipunctata eggs.

C. seprempunctata eggs could be stored for one week and A. bipunctata eggs for two
weeks at 10°C without any marked decrease in hatchability. Cool storage even increased
hatchability in A. bipunctata at 35°C. Eggs of neither species can be stored at 6,5°C and
3°C; only a few hatch after such storage.

Index words: Coccinella septempunctata, Adalia bipunctata, eggs, cool storage, temperature,

development time, hatchability.

If ladybeetles are used in the biological control
of aphids in greenhouses, the most practical and
useful method of introducing them is as eggs
(HAMALAINEN 1977a). To obtain enough
predators, probable hatching percentage of the
eggs must be known. Consequently, tests were
set up to study hatching in Coccinella
septempunctata L. and Adalia bipunctata (L.)
eggs at temperatures most likely to occur in
greenhouses.

At room temperature, the egg stage lasts only
a few days and if this could be prolonged
artifiéially, it would allow greater flexibility in
handling and delivering the eggs. To this end
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the possibility of storing eggs at cool
temperatures, without decreasing hatchability,
was tested.

The possibility of cool storage has been
studied for many biological control agents for
use in greenhouses (see e.g. SCopEs et al. 1973,
TurisaLo and TuoviNen 1975). Suanps and
SimpsoN (1972) stored C. septempunctata eggs
from 1 to 6 days at 10°C before distributing
them on potato fields. They did not, however,
report the effect of cool storage on hatchability.
Frazer et al. (1974) reported that ladybeetle
eggs may be safely stored at 10°C for ten days.



MATERIAL AND METHODS

Egg clusters were obtained from laboratory
cultures of C. septempunctata and A. bipunctata
maintained on green peach aphids (Myzus
persicae Sulz.) and pea aphids (Agw‘boszpbon
pisum Harris). Average daily temperatures in the
laboratory varied from 22 to 26°C.

Eggs were taken from fertilized females only.
In calculating egg mortality, no individual non-
fertile eggs in a cluster were separated from
" fertile eggs whose development had been
interrupted for the one reason or another. An
attempt was made to reduce the effect of
cannibalism by removing hatched larvae from
the eggs developing more slowly in a cluster.

Egg clusters were isolated in vials and within
16 hours of being laid were placed in cool
temperatures of:

3°C + 0,5°C 85—95 % RH. "~
6,5°C + 0,5°C 85—95 % R.H.
10°C + 0,5°C 80—90 % R.H.

They were stored for one, two or three weeks,
after which they were transferred for hatching
at:

0°C + 0,5°C 80—90 % R.H.
28°C + 0,5°C 80—90 % R.H.
35°C + 1,0°C 30—40 % R.H.

or 80—90 % R.H.
For control, development time and hatchability
of non-stored eggs were also tested at 20, 28
and 35°C. Development time and hatchability
of eggs kept constantly at 3, 6,5 and 10°C was
also recorded. Each hatching trial consisted of
500—1000 eggs from at least 10—20 different

females.

RESULTS

Development time and hatchability of eggs at
different temperatures

In both species the development time of the
eggs was about the same, 2—3 days at 28 and

35°C, and about § days at 20°C. Only at 10°C

20
18 |
16 |
14 |
12

10

DEVELOPMENT TIME, DAYS

10° 15°  20°  25°  30° . 35°
TEMPERATURE

Fig. 1. Development time of Coccinella septempunciata and

Adalia bipunctata eggs at different temperatures.

was there a marked difference in the
development time between the species: eggs of
A. bipunctata hatched in about 15 days and
eggs of C. septempunctata in 21—22 days (Fig.
1

Results showing the hatching percentage of
eggs were analogous. The hatching percentage
of C. septempunctata eggs at 10°C was rather
low, 12 %, but that of A. bipunctata almost
“normal”, 58 %. On the other hand at 35°C C.
septempunctata eggs hatched almost "normally”,
62 %, but A. bipunctata eggs poorly, 7 %
(Tablel).

Eggs of neither species hatched at 3 and
6,5°C.

Table 1. Percentage hatch in Coccinella septempunctata and
Adalia lnpuncmm eggs at different temperatures (R.H.
80—90 %). ,

C. septempunctata A. bipunctata

10°C 11,7/ 58,0
20°C 80,1 66,4
28°C 75,2 65,5
35°C 61,8 6.8

) 9.5 % at R.H. 30—40 %
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Cool storage of eggs

Eggs that were stored at 3 or 6,5°C for one or
two weeks hatched rather poorly when

transferred to 28 and 35°C (Table 2).

Storage at 10°C had a less detrimental effect
on hatchability. One week’s storage decreased
hatchability of C. septempunctata eggs signifi-
cantly (P £ 0,05) only at 20°C, but two weeks’
storage decreased it significantly at all tempera-
tures. After three weeks’ storage only about 10
% of the eggs hatched at all temperatures (Fig.
2).  Cool storage at 10°C decreased slightly,
but not significantly, the hatchability of A.
bipunciata eggs at 20 and 28°C, and increased
the hatch significantly at 35°C (Fig. 2). The
time of storage could not be prolonged beyond
two weeks because the eggs hatch in about 15
days at 10°C.

Cool-stored eggs of both species hatched
within 0,5—2 days of being transferred to 28
and 35°C. The longer the period in cool
storage, the more rapidly the eggs hatched. At
20°C C. septempunctata eggs hatched in 3—4
days after one week’s storage, in 2—3 days after
two weeks’, and in 0,5—1 days after three

Table 2. Percentage hatch in Coccinella septempunctata and
Adalia bipunctata eggs at 28 and 35°C after cool storage
at 3 and 6,5°C. — means no record.

C. septempunctata A. bipunctata
Storage at Hatch at Hatch at
3°C 28°C 35°C 28°C 35°C
1 week 50— 9.8 0.0
2 weeks 0,6 - 0,0 0,0
6,5°C 28°C 35°C 28°C 35°C
1 week 33,2 9,9 29,5 0,0
2 weeks 3,1 0,0 0,0 0,0

134

BO | e _ 20°
oD
70t 285
=
60F el
x 38 el
O 50
e
<
T 40}
R
30} Coccineila
septempunctata
20
10
. . . .
o] 1 2 3
WEEKS AT 10°
70 20°
.
e
- .
60 - N — T
e
-
- sof
)
2 a0}
T Adatia bipunclata
R 30 +
-'..
20 T
350 L.t
wh et
o

WEEKS AT 10°
Fig. 2. Percentage hatch of Coccinella septempunciata and
Adalia bipunciata eggs at 20, 28 and 35°C after cool
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weeks' storage. A. bipunctata eggs hatched at
20°C in 2,5-3,5 days after one week’s storage
and in 1 day after two weeks’ storage.

Size of egg clusters

Both species lay their eggs in clusters of varying
size. Sometimes, however, females lay eggs
singly in different parts of the rearing units. The
average number of eggs in clusters were:

Average  Range N
C. septempunctata 27,1 3-81 1114
A. bipunctata 13.9 2—65 1892



DISCUSSION

A. bipunctata eggs developed markedly faster
and hatched in a higher percentage at 10°C
than C. septempunctata eggs. At 35°C the
development of A. bipunctata was slightly
slower than that of C. septempunctata, and the
hatching percentage was very low. These
results, as well as records on the development
period of larvae and pupae (HAMALAINEN 1977
b) suggest that A. bipunctata is adapted to a
lower temperature regime than C. septem-
punctata. Observations in the field support this;
A. bipunciata appears and starts to reproduce
earlier in ‘spring than C. - septempunctata.
Our results showing the development period
of C. septempunctata eggs at different
temperatures coincide well with those of
Jonnssen (1930), Hopek (1938) and SeTHiand
ATwaL (1964). Some records on A. bipunctata
are, hovewer, conflicting: GurNEY and Husseys
(1970) values for the development of A.
bipunctata eggs, 3 days at 16 and 21°C and 2
days at 24°C, appear strangely short compared
with JonnsseNs (1930), ELLingseNs (1969)
and the present results (Fig. 1). ‘
There are also some discrepancies concerning
the = hatchability of eggs at different
temperatures. The hatch of C. septempunciata
eggs at 35°C was not very much worse than
that at 20 and 28°C. The opposite was noted
by Serur and ArtwaLt (1964) in India and
Jounssen (1930) in Central Europe.
Jonnssen (1930) found that only 16,7 % of
A. bipunctata eggs hatch at 11—13°C (100 %
R.H.) in 15 days, and Binsca (1964)
recorded no hatch at 12°C (100 % R. H.).
High humidity might be the reason for this.

Serni and  ArtwarL (1964) found slight
differences in  the hatchability of C.
septempunctata  eggs between the relative

humidities of 40, 70 and 90 %. According to
them, high temperature combined with low
humidity and low temperature combined with
high humidity were more favourable for the
survival of eggs than the alternative
combinations. In the present study also A.

bipunctata eggs hatched slightly better at 35°C
and 30—40 % R.H. than at 35°C and 80-90
% R.H.

The results of cool storage indicate that it is
not feasible to store coccinellid eggs at
temperatures as low as 3 or 6,5°C, because of
the poor hatch obtained after such storage. At
10°C C. septempunctata eggs can be stored for at
most one week without any marked decrease in
hatching percentage. Also SHANDs and S1MPSON
(1972) stored C. septempunctata eggs for 6 days
at most at 10°C before releasing them on
potato fields in Maine. A temperature of about
8—9°C might also be suitable for storage. This
should be studied further. _

A. bipunctata eggs can safely be stored for
two weeks at 10°C without any marked
decrease in hatchability. After two weeks’
storage the eggs are, however, really ready to
hatch. It is noteworthy that preceding cool
storage improves the hatch of A. bipunctata eggs
at 35°C. The high temperature seems to be
more harmful to the development of embryo.
Eggs that have advanced in embryonic
development are probably better able to
withstand the detrimental effects of the high
temperature.

Hatching percentage in coccinellid eggs is
generally rather low, even without their
undergoing the effects of storage. When egg
clusters are introduced in greenhouses, their
numbers may be further reduced by
cannibalism, dropping to the soil, and by ants
(see TurisaLo and TuoviNeN 1975). Thus a
rather low egg/larva ratio may be expected.
During hot spells cool-stored A. bipunctata eggs
are more likely to survive in the greenhouses
than -eggs that have not been stored.

This study is part of a pr;)jcct supported financially by
the Foundation for Research on Natural Resources in
Finland and the National Research Council for
Agriculture and Forestry (Academy of Finland).
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SELOSTUS

Leppipirkkojen munien varastointi kylmissi biologista torjuntaa varten

MATTI HAMALAINEN ja M ARTTI MARKKULA

Torjuttaessa kirvoja kasvihuoneissa leppipirkkojen avulla
on kiytinngllisintd siirtéd kasvihuoneisiin leppipirkkojen
munia. Riittdvin petomiirin saamiseksi on tiedettivi
munien kuoriutuvuusprosentti.

Tutkimuksessa selvitettiin seitsenpiste- ja kaksipistepir-
kon munien kehitysaikaa ja elinkyvyn séilymisti eri lim-
potiloissa sekd mahdollisuuksia varastoida munia kylmis-
sd. Munien kehitysajan pidentiminen mahdollistaa niiden
joustavamman kiyt6n ja siirtimisen tuotantoyksikdsti
kasvihuoneisiin.
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Kaksipistepirkon munat siilyttivit elinkykynsi parem-
min alhaisessa limpétilassa (10°C), mutta seitsenpistepir-
kon korkeassa limpétilassa (35°C).

Munia ei voida varastoida 3 eiki 6,5°C:ssa, koska
kuoriutuvuus jdi hyvin vihiiseksi. Sen sijaan 10°C:ssa
voidaan kaksipistepirkon munia siilyttis kaksi vitkkoa ja
seitsenpistepirkon munia viikon verran kuoriutuvuuden
merkittdvisti alenematta. Varastointi kylmissi parantaa
kaksipistepirkon munien muutoin ‘heikkoa kuoriutuvuutta
korkeassa limpétilassa (35°C). )
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CLEANING NEMATODE-INFESTED POTATOES WITH SODIUM
HYPOCHLORITE, NaClO

Magrja LEENA SARAKOSKI

SARAKOSKI. M. .L. 1977. Cleaning nematode-infested potatoes with sodium
hypochlorite, NaClO. Ann. Agric. Fenn. 16: 137—140. (Agric. Res. Centre, Inst. Pest
Inv., SF-01300 Vantaa, Finland.)

Cysts of the potato cyst nematode, Globodera rostochiensis (Woll) Mulvey & Stone, and
infested potato tubers were treated with solutions of sodium hypochlorite, NaClO and
calcium hypochlorite, Ca(ClO), and with a mixture of the two. Sodium hypochlorite with
1 % available chlorine proved the most effective against cysts, larvae, and eggs. A stronger
solution (2 % available chlorine) did not speed up the disintegration of the organisms.
When the containers were agitated during the treatment, infested tubers were rendered
clean of nematodes by sodium hypochlorite. The NaClO treatment had no harmful effect

on tubers with short or fairly short sprouts.

Index words: potato cyst nematode, Globodera rostochiensis, nematode, potato, sodium
hypochlorite, calcium hypochlorite. )

INTRODUCTION

Cysts of the potato cyst nematode, Globodera
rostochiensis (Woll.) Mulvey & Stone, are easily
transported from an infested field on the surface
of potato_tubers. For this reason it is generally
prohibited to use potatoes from infested fields as
seed. Since an incipient nematode infestation
easily passes unnoticed, these prohibitions often
prove inadequate to prevent the nematode from
spreading. Consequently, it was considered
worthwhile experimenting to find a method of
cleansing seed potato tubers of nematodes. Such
a procedure would guarantee us a seed potato
which does not spread the potato cyst
nematode.

Sodium hypochlorite, NaClO, a common
bleaching agent and disinfectant, has been used
to surface sterilize nematodes (FEDER et al.
1955). In this context it has been noted that
even low concentrations of NaClO are
adequate to dissolve the nematode cuticle. The
cuticle of cystforming nematodes is also
susceptible to NaClO, although less so than that
of other species (Esser1972). On the basis of
these observations by other authors, the present
study was performed to determine the effect of
NaClO on potato cyst nematodes and potato,
tubers.
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MATERIALS AND METHODS

The potato cyst nematodes used in the NaClO
experiments were females of the brown stage
which had been stored at +4°C for one year.
The potato varieties Bintje, Prevalent, Provita,
and Stina formed the tuber material. Most of
the tubers were taken directly from storage and
bore sprouts a few millimeters in lenght. Only a
part of the Provita material had been sprouted
earlier, and bore 3—5 cm sprouts.

The aquenous solutions of NaClO and
Ca(ClO), were technical grade preparations.
The picrolonic acid (Sigma Chemical Company,
St. Louis) was a 0,016 % aqueous solution
which had been kept at +4°C. In the
preliminary experiments, which were aimed at
determining the durability of cysts, the cysts
were immersed in solutions of NaClO,
Ca(ClO), and a 1:1 solution of the two. The
solutions - contained 1 % available chlorine.
Solutions of NaClO with 0,5, 1,0 and 2,0 %
..available chlorine were used for estimating the
minimum concentration of chlorine capable of
dissolving cysts.

The experiment proper was designed to
investigate the cleansing effect of NaClO on
infested potato tubers. Tubers were immersed in
NaClO solutions with 1 % and 2 % available
chlorine and in water for two hours. With the
exception those of the variety Prevalent, the
containers were agitated every 13 minutes.
After treatment, 50 ml aliquot was taken from
cach container and centrifuged (Gooriset al.
1972) to determine any eggs and larvae
liberated from the ruptured cysts. Silt from the
vessels was collected on a woven fabric sieve
and dried at +30°C, after which intact cysts
were extracted from it by the ethanol method
(ANDERsSON1970).

Dried tubers were brushed with a soft brush
and the detached material garthered on a petri
dish. Cysts found on these and the cysts
extracted from the silt were subjected to
picrolonic acid treatment (CLARKE et al. 1966)
for the determination of the larval content of
the cysts. Finally, the tubers were left to sprout
in an airy room with good illumination.

RESULTS AND DISCUSSION

NaClO proved more efficient in destroying the
cysts, eggs, and larvae of the potato cyst
nematode than either Ca(ClO), or a mixture of
NaClO and Ca(ClO), (Table 1). The NaClO
solution containing 1,0 % available chlorine
broke the cysts and killed their contents in two

hours. With 0,5 % chlorine, the disruption was
incomplete and with 2,0 % chlorine the result
did not differ markedly from that with the
solution containing 1,0 % available chlorine.
This agrees with the results of Woop and Foort
(1975).

Table 1. The effect of NaClO and Ca(ClO), on cysts of the potato cyst nematode.

General appearance-of cysts after:
Solution')
0.5h 1.0h 2,0h

NaCIO cysts almost cysts eggs and larvae

disintegrated disintegrated dead
Ca(ClO), cysts cysts almost cysts disintegrated

discoloured disintegrated eggs and larvae dead
NaClO+ cysts disco- " v
Ca(ClO), loured, some

disintegration

') Each contained 1 % available chlorine
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Table 2. Treatment of infested tubers with NaClO: numbers of eggs, larvae, and cysts recovered from container and
the surface of tubers after treatment (mean of two replicates + s.e.m.).

Potato Treatment solution Larvae and eggs in Cysts in silt of Larvac hatched Cysts on tuber Larvac hatched
varicty (available Cl,) treatment solution container from cysts surface after from cysts
/50 ml treatment
Bintje 1 water 2,50+ 1,50 | 134,00+ 2,00 | 1904,00+1690,00 | 2,00+1,00 | 93,00+ 93,00
) I I T
2 —_ _
Bintje II water 13,00+ 13,00 | 102,00+ 0 1584,50+ 33,50 | 0 —
NaCIO (1%) | 203.00% 35.00 | 0 ° - 0 _
~T(2%) | 315.50£250,50 | 0O - 0 _
Bintje IIT | water 56,00+ 31,00 | 278,50+ 7,50 | 2644,00+ 840,00 | 7,00+1,50 218,501163,00I
NaClO (1 %) | 1407,00¥136,50 | 0 Z 0 b
T (2%) | 736,00+ 34,00 0 — 0 —
Prevalent | water ©1,00+ 0 97,00+ 2,00 664,50+ 134,50 | 10,50+3,50 2,50+ 2,50
NaClO (1 %) 135,50+ 8,50 2,00+ 2,00 22,504 22,50 | 7,50+4,50 | 63,00+ 61,00
T (2%) 163,50+ 7,50 0 — 0,50+0,50 0
Provita water 21,50+ 3,50 | 189,00+ 7,00 | 1345,00+1294,00 | 5,50+3,50 | 71,50+ 62,50
NaClO(1%) | 0 0 z 0 a
w0 0 - 0 -
Provita') water 22,00+ - 4,00 8,00+13,00 216,50+ 213,50 | 3,50+2,50 |131,00+131,00
NaClO (1%) | 40.50% 050 | 0 - 0 - l
" (2%) | 26,00% 13,00 | .0 - 0 -
Stina water 0 . 145,50+35,50 519,50+ 404,50 0
NaClO (1%) | 170,00+ 91,00 | 0 - -
" (2%) | 314,001 1000 | 0 - _

") Sprouted in advence

The sodium hypochlorite solutions used in
the treatment of infested tubers yielded large
numbers of nematode eggs and larvae, whereas
the water controls yielded only a few larvae
(Table 2). This suggests that the cysts had
disintegrated during the NaClO treatment. On
two occasions, the centrifuging of the 50 ml
samples was delayed which accounts for the
deviating results for the varieties Bintje (I) and
Provita (Table 2). Apparently the eggs and
larvae had dissolved completely in the solutions.

Intact cysts were encountered mostly in the .
silt from the water controls (Table 2). The
tubers of Prevalent were an exception. This was
possibly due to the fact that these containers
had not been shaken during the treatment. The
same trend appeared in the number(s) of cysts
on the surface of the tubers after treatment. The
water controls yielded cysts for all varieties,
whereas the treated tubers were generally clean
(Prevalent was again an exception) (Table 2). It
is very likely that agitation hastens the
disintegration of cysts in the NaClO and

mechanically removes cysts from tuber surface.

The sodium hypochlorite had no ill effects on
the germination of potato tubers. The tips of the
short sprouts on the tubers turned black during
treatment, but no difference was noted between
their germination and that of the water treated
lot. (Preliminary we had already noticed that
the germination of tubers was not affected even
when the treatment was extended to four
hours). Only the long sprouts of Provita, which
had been sprouted prior to the experiment, died
during the NaClO treatment. In a matter of a
few weeks, however, the dead sprouts were
replaced by new ones.

Both research done in New Zealand (WOOD
et al. 1975) and the results of the experiment
above suggest that sodium hypochlorite
treatment is a practicable method of cleansing
seed potato tubers. To date, the method has not
been used on large quantities of potatoes
anywhere. In New Zealand, however, marked
progress has been made in the practical
application of the method. With relatively small
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expenditure, eighty tons of potatoes can be
treated per day (information by letter from F.
H. Woop, June 4th, 1976).

Since the potato cyst nematode seems to be
spreading to new important potato growing

areas, clean seed potatoes are urgently needed.
Sodium hypochlorite treatment is a possibility
deserving consideration on large seed potato
farms, whether they have a record of G.
rostochiensis infestation or not.
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SELOSTUS

Peruna-ankeroisen saastuttamien perunoiden puhdistaminen natriumhypokloriitilla

MARJA LEENA S ARAKOSKI

Maatalouden tutkimuskeskus

Peruna-ankeroisen, Globodera rostochiensis (Woll.) Mul-
vey & Stone, kystat siirtyvit saastuneesta pellosta erittdin
helposti siemenperunoiden mukana. Siksi yleensi kielle-
tddn kiyttimisti siemeneksi saastuneessa pellossa kasva-
nutta perunaa. Koska ankeroissaastuntaa on etenkin alku-
vaiheessa tavallisesti hyvin vaikea havaita, saattaa peru-
na-ankeroinen varotoimenpiteisti huolimatta levitd sie-
menperunassa. Sen vuoksi on aiheellista kehittdd menetel-
mi, jolla perunat voidaan tarvittaessa puhdistaa. Vasta
talldin voidaan taata, ettei ankeroinen levii siemenperu-
nan mukana.

Peruna-ankeroisen kystoja sekd saastuneita mukuloita
kisiteltiin eri vahvuisilla natrium- ja kalsiumhypokloriitti-
liuoksilla (NaClO ja Ca(ClO),) seki niiden scoksella.

Natriumhypokloriittiliuos, jossa vapaata klooria oli 1 %,
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osoittautui tehokkaimmaksi-sekd kystojen hajoittajana et-
tid munien ja toukkien tuhoajana. Vahvempi (2 %) livos ei
nopeuttaput prosessia. Miedommassa (0,5 %) NaClO-
livoksessa, samoin kuin Ca(ClO),-liucksessa seki edelld
mainittujen seoksessa oli kystojen hajoaminen hidasta ja
osittain epitiydellisti.

Peruna-ankeroisen saastuttamat mukulat puhdistuivat
tiydellisesti NaClO-liuoksella, jossa vapaata klooria oli 1
%, kun kisittelyastioita ravisteltiin kokeen aikana useaan
otteeseen. On todenndkdistd, ettd ravistelu nopeuttaa ha-
joamista sckd irrottaa mekaanisesti kystoja perunoiden
pinnalta. Haitallisesti hypokloriittikisittely vaikutti aino-
astaan voimakkaasti itdneistin perunoihin (idut 3—3 cm).
Niihinkin kehittyivit uudet idut muutamassa viikossa.
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lulehti 8, 1:3—5.

— Perunasy6pd. Kasvitautien tutkimuslaitoksen tiedote

28. Moniste. 8 p.

Kotieliinhoidon tutkimuslaitos, Vantaa

Institute of Anihal Husbandry, Vantaa

ANTILA.U. Vikirehuvaltainen ruokinta ja laidunruokinta
karitsoiden kasvatuksessa. Lammastalous 1: 6—11.

— Suomenlammasuuhien maidontuotanto. Lammastalous
1:13-16.

— Vikirchuvaltainen ruokinta ja laidunruokinta karitsoi-
den kasvatuksessa. Lammastalous 2: 4—8.

— Siil6rehun korjuuasteen ja vikirehutason vaikutus ka-
ritsoiden ruokinnassa. Koetoim. ja Kiyt. 33: 33.
ETTALA E. & KOMMERI, M. Erilaisten kesiruokinta-
muotojen vertailua lypsykarjalla. 1. Laidun-, niitto- ja
siilérehuruokinnan vaikutus lehmien tuotoksiin. Ke-

hittyvd Maatalou- 31: 3—17.

— & LAMPILA, M. Lechmien siilérchun syéntiin
vaikuttavista tekijoistd. Kotieldinhoidon tutkimuslai-
toksen' tiedote 6: 1—25.

— , LAMPILA, M. & RISSANEN, H. Vikirehutason
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vaikutus lehmien siilérehuvaltaisessa ruokinnassa. Ko-
tieliinhoidon tutkimuslaitoksen tiedote 6: 26—44.

— , RINNE, K, TAKALA, M. & K OMMERI, M.
Laidun, niittorucho ja siildrehu lehmien kesiruokin-
nassa. Koetoim. ja Kiyt. 33: 14.

— & RISSANEN, H. Urea lypsylehmien ruokinnassa.
Koetoim. ja Kiyt. 33: 33.

HAKKOLAH., RINNE,K. & K 0sSILA,V. Lihanautojen
laiduntamisen ja niittoruokinnan vertailu. Kehittyvi
Maatalous 31: 28—34.

HEIKKILA, T. & XOSSILA, V. Heindn kuivaus-
katostutkimus 1975—76. Raportti rehuanalyysitu-
loksista, KHO § p.

KHSKINEN, T. Kananpoikasten ruokinnan
taloudellisuuteen  tihtdivid menetelmid. Siipikarja
3:61-63.

— Valkuaistason vaikutus munantuotantoon: Koe Tikku-
rilassa 1974. Siipikarja 3:.64—65.

— Valkuaistason vaikutus munantuotantoon: Koe Tikku-
rilassa 1974. Siipikarja 4: 106—110.

— Tiivisteruokinta tarkoituksenmukaisemmaksi ja talou-
dellisemmaksi. Siipikarja 11: 299—302.

— Rypsin ja rapsin kiyttémahdollisuudet siipikarjan ruo-
kinnassa. Tuottoisa kotieliintalous 1: 19—21.

— Ajankohtaista. Turkistalous 4: 150—151.

— Voidaanko munitustiivisteen miirdd vihentii. Koe-
toim. ja Kiyt. 33: 14.

— & KOsSILA, V. Koe bakteerivalkuaisella vasikoiden
juottorchussa. Karjantuote 59, 4: 18—20.

— & MAKELA,J. Kokeita Lodda-jauholla. Turkistalous
10: 387—390.

KOMMERI, M. & KossiLA, V. Automatisoitua
ryhmiruokintaa. Kiytionén Maamies 1976, 1: 28—
29.

— & KossiLA, V. Erilaiset  sdilérehut  mullien
kasvatuksessa. Kiytinndén Maamies 1976, 7: 30—
32.

— & KOSSILA. V. Lihaa parressa vai pihatossa.
Kiytinnén Maamies 1976, 10: 25—26.

— . KOSSILA, V. & LAMPILA, M. Kuituliete siilérehun
puristeiden sitojana. Lietepdivd Keskuslaboratorios-
sa: 10.

— , ETTALA, E., TAKALA, M. & RINNE, K. laidun- ja
niittoruohoruokinnan  kustannusvertailu. Kehittyvi
Maatalous 31: 35—45.

K OSSILA. V. Puolan limminverikasvatus. II. Ravi ja
Ratsastus 2:22—-25.

— Matkaraportti OECDn maatalouskomitean projekti-
tydryhmin no. 3. "The direct use of cellulose and ot-
her carbohydrate waste products for human or animal
food™ kokouksesta Pariisissa 1J. -17. 3. 1976. 3 p.
+ liitteitd.

— Kivikolussa kasvatetaan ratsuja. Ravi ja Ratsastus
5:30-31.

— Ratsuhevosvuosi. Pellervo 77, 9: 24-25.

— Nautojen uudet yhteispohjoismaiset kivenniis- ja
hivenainenormit. Karjantuote 59, 6—7: 11.

— Suomenhevosen veritutkimuksista. Hevosurheilu 8: 7.

— Bruttotarve uusien kivenniisnormien perustana. Kiy-

tinnén Maamies 1976, 9: 35—37.



'

- & HuipA, L.
valkuaistiydennystd
1:26--29.

— & KISKINEN T. Vasikoiden juottokoe kotimaisella
Silva-proteiinilla. Karjantuote 59,9: 10—12.

— & LJUNG.G. Value of whole oar plant pellets in horse
feeding. Ann. Agric. Fenn. 15:316—321.

— & RAUVALA. L. Puolan hevoskasvatus. 1. Ravi ja
Ratsastus 1:28—31. .

— & RUOHOMAKI, H. Ayrshire ja friisildisristeytys
lihantuottajana pohjoisessa ja etelissi. Koetoim. ja
Kiyt. 33: 24.

, MAKELA R., RAJAKOSKL E. & SIMULA,H. Ay-
keinosiemennyssonnien  veriplasman  prolaktiinipi-
toisuudesta ja  sperman laadusta. Karjantuote

59,1:12.

Ruchosta ja  sdilorehusta

lihakarjalle. Karjatalous\ 52,

, TANHUANPAA, E., PELTONEN, T. & VIRTANEN,

'E. Effect of physical stress on the pulse and respiration
rates and blood composition of riding borses and trotters.
Ann. Agric. Fenn. 15: 322—329.

MELA. T., RISSANEN, H., M USTONEN, L. & ETTALA,

E. Laituthen sadetuskokeen tuloksia poutakesilli
'1975. Kiytinnén Maamies 1976, 6: 20—21.
MAKELA. R. & K OSSILA. V. Determination of bovine

prolactin by charcoaldextran radioimmunoassay. Ann.

Agric. Fenn. 15:145—162.

— & KossiLa, V. Naudan
prolaktiinipitoisuuden midrittimisessd kiytetyn radi-
oimmunologisen menctelmin luotettavuudesta. Kotie-
liinhoidon tutkimuslaitoksen tiedote 7: 1—33.

RISSANEN, H. Ilman siilontdainetta riski kasvaa.
Pellervo 77, 8: 19.
— Rikkihappo tuorerchun siildnnissi. Pellervo 77,

2:23,

— , ETTALA. E. & RINNE. K. Vikirchun kiyton
kannattavuus maidontuotannossa laidunruokinnan ai-
kana. Kotieliinhoidon tutkimuslaitoksen tiedote
5:1-23.

RUOHOMAKI. H. & KOSSILA, V. Lihantuotantokoe
Pohjois-Pohjanmaan  koeasemalla. Natakarja 6,
5: 43 44,

Suoml, K., HAKKOLA, H. & KOSSILA V. Kaura ja
heini tai sdilorehu lihanaudan ruokinnassa. Koetoim.
ja Kiye. 33: 2.

— ., KossiLa, V. & HAKKOLA, H. Siilérehun
korjuuasteen ja vikirchumiirin vaikutus naudanliha-
tuotantoon. Koetoim. ja Kiyt. 33: 34.

Kotieliinjalostuslaitos, Vantaa

Institute of Animal Breeding, Vantaa

EISKONEN, A, & SIITONEN, L. Kanatalouskoeaseman
tuloksia koekaudelta 1975—76. Siipikarja 12: 333—
337.

K ANGASNIEML R. Sikakantakokeet 1975. Sika 6: 45,
47—49.

KENTTAMIES. H. Lxhanaum)en kasvumittaukset kentilli.
Kehittyvi Maatalous 29: 3—13.

veriseerumin

— Tarkkailulla taloudelliseen tulokseen. Lihantuottaja
8:10—11.

KING, KANGASNIEMI, R., MAIJALA, K. et al. An
international comparison of pig breeds using a common
control stock. Livest. Prod. Sci. 2:367—379.

KossiLA. V. & RUOHOMAKI, H. Ayrshire- ja
friisiliisristeytys lihantuottajina pohjoisessa ja eteldssi.
Koetoim. ja Kiye. 33: 24

LINDSTROM, U. Nautarotujemme vasikkakuolleisuudesta
ja sithen vaikuttavista tekijoistd. Karjatalous 52,
2: 36—38.

— 17 kysymysti mairo-lihaohjelmasta. Lihantuottaja J.

— Milk recording in developing Countries. World Anim.
Rev. 19: 34—42.

— Studies on Milk Records from Kenya. 1. Accuracy of
Milk  Recording with Various Intervals. Z. Tierz.
Zichtbiol. 93, 2: 146—155. '

— Minkailaista on naudanjalostus 1996? Karjatalous 5 2,
12:12—15.

— Avel for bittre fruktsamhet och sjukdomsresistens. 1.
Fruktsamhetens arvbarhet och avelsmojligheter. -
Landsb. Folk 16. 7. 1976.

2. Skillnader i kalvsdddlighet mellan tjurar och raser.
Landsb. Folk 17.9. 1976.

3. Resistensavelns mdjligheter och f6ridling av mot-
stindskraft mot juverinflammation. Landsb. Folk
1. 10. 1976.

— Genmanipulatorer i motvind. Hbl 22.9. 1976.

— Kan dispositionen fdr juverinflammation piverkas?
LOA. 8:303-306.

— Jordbruket till heders igen. Hbl 14.10. 1976.

— Kiristyviit jalostuseldinmarkkinat vaativat paranta-
maan Vahntaa ‘Suomessa. Maas. Tulev. 14.9. 1976:

— Kalojen perinnélliseen jalostustutkimukseen pannaan
Norjassa paljon tyotd. Maas. Tulev. 28.9. 1976.

— Rehunkiyttdkyvyn tutkimus kiireinen asia jalostukses-
sa. Maas. Tulev. 5. 10. 1976.

— Voidaanko jalostuksella vaikuttaa utarerulehdusalttiu-
teen. Nautakarja 1976, 2: 4-9.

— Voidaanko jalostuksella vaikuttaa utaretulehdusalttiu-
teen. Kotieldinjalostuksen tiedote 11.

MAJALA, K. Yleisii  nikokohtia  kotieldinten
jalostustavoitteiden miﬁrittelyssi{. Kotieldinjalostuk-
sen Tiedote 8: 189. \

— General aspects in defining breeding goals in farm ani-
mals. Acta Agric. Scand. 24: 40—46.

— Nordens jordbruksproduktion i framtidens resurssitua-
tion. Nord. Jordbr.forskn. 58: 3138,

— Possibilities of improving fertility in caitle by selection.
World Rev. Anim. Prod. 12, 2: 69—76.

— Feed conversion as breeding goal in farm animals. Finn.
Ayr. News 2: 1-3.

— Maidonvalkuainen ]ehman pidtuotteeksi. Karjatalous
52, 2: 51-753.

— Kaksosvasikat — hyoty vai haitta? Karjatalous 52,
12:15-17.

— Hikkikausi ja kananjalostus. Siipikarja j8, 12: 327—
329,

— Suomenlamm\as meilld ja muualla. Maas. Tulev. 26. 8.

1976.
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— Suomenlampaalle kilpailijoita kansainvilisilli geeni-
markkinoilla. Maas. Tulev. 9. 9. 1976.

— Tuleeko kotieliintuotannossa katto vastaan? Maata-
lous 69, 8—9: 145—148.

— Sikidvyystutkimukset yllittivit. Maas. Tulev. 7. 10.
1976.

— Lehmin puolustus. Uusi Suomi 19. 12. 1976.

— & VILVAV. A simplified method of progeny testing

A.L bulls for milk protein. Livest. Prod. Sci. 3: 33—
42. - ’

— & OSTERBERG, S. Suomenlampaan tuotantokyky
Suomessa ja ulkomailla. Lammastalous 3: 7—14.
4:8—13.

RUOHOMAKI.H. Ayrshire- ja Charolaisrotujen vertailu.
Karjatalous 52, 1: 30—31.

— Tuloksia Hereford-ayrshire-kokeista. Karjatalous 52,
2: 64-065.

— & KossiLA. V.  Lihantuotantokoe  Pohjois-
Pohjanmaan koeasemalla. Nautakarja 2, 5: 43—44.

Maantutkimuslaitos, Vantaa
Institute of Soil Science, Vantaa

JAAKKOLA, A. & YLARANTA, T. The role of the quality of
soil organic matter in cadmium accumulation in plants.
J. Scient. Agric. Soc. Finl. 48: 415—425.

LATURL R. Sadetuksen ja typpilannoituksen vaikutus
kevitviljasatojen miirddn ja laatuun. Moniste. 107 p.

sadot

RINNE, S.:L.  Suuret ryOstivit  maan
kivenniisvaroja.  Kiytinnén Maamies 1976,
12: 21-23.

— & HUOKUNA, E. Ruohon kaliumpitoisuus

voimakkaassa nurmiviljelyssi. Kiytinnén Maamies
1976, 10: 28—30.

— . HUOKUNA. E. & HHIVOLA. S.-L. Typpilannoituk-
sen vaikutus ruohon laatuun. Koetoim. ja Kiyt.
33:4].

— & SIPPOLA. J. Typpilannoituksen vaikutus maan
typpivaroihin. Koetoim. ja Kiyt. 33: 31.

SILLANPAA, M. Los oligoelementos en los suelos y en la
agricultura. Boletin de Suelos. FAO. Rome. 17: 1—
71 ’

— Jordartsklassificering och tillimpning i Finland. Nord.
Jordbr forskn. 58: 298—299.

— Maan ravinnetasapaino ja Vihred linja”. VSOM-
tiedottaa 1976, 2: 6—9.

— Proposals for establishing scientific cooperation within net-
works on trace element studies. Mimeogr. 19 p. (Distri-
bution through FAO to FAO member Governments
in Europe.)

SIPPOLA, . Fixation of ammonium and potassium applied
simultaneously in Finnish soils. Ann. Agric. Fenn.
15:304-308.

— Porvoo—Loviisa. Summary: Soil map of Porvoo—
Loviisa. Ann. Agric. Fenn. 15, Suppl. 2: 1-26 + 11

karttaa.
— Porvoon—Loviisan seudun maaperistd. Koctoim. ja
Kiyt. 33:42.

URVAS, L. Ruukki—Lumijoki. Swmmary: Soil map of
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Ruunkki—Lumijoki. Ann. Agric. Fenn. 15, Suppl
1:1-28 + 9 kartaa.

— Skogstyper och bordighet. LOA §7: 525,

— Ruukin ympiristén maaperi kartoitettu. Koetoim. ja
Kiyt. 33: 44. .

VIRRIL, K. & SIPPOLA, J. Vaihtuvasta magnesiumista
Lounais-Suomen viljellyissd savimaissa. Summary: Ex-
changeable magnesium in south-west Finnish cultivated
clay soils. J. Scient. Agric. Soc. Finl. 48: 336—341.

V. 1976 painetut maaperikartat (1: 20 000). Soi! maps
(1:20 000) printed in 1976 :

. (2541 03
Tornio (2541 02
o (254106

Kylijoki 9541 05

Maanviljelyskemian ja -fysiikan laitos, Vantaa
Institute of Agricultural Chemistry and Physics, Vantaa

ELONEN, P. Maanviljelyskemian ja -fysitkan nyky-
tavoitteista. Maatalous 4: 69—71.

— Bevattning, mingd och tid. LOA 57, §: 204-205.

— Paripyérilli toukopellolle. Pellervo 6: 40—41.

— Sadetusaika pathaillaan kisilli. Maas. Tulev. 1. 6.
1976.

— Biodynaaminen  viljely.  Spectrum tietokeskus.
2:116—117. Helsinki, Porvoo.
— "Ravinnetasapaino”.  Kasvinviljely-, kotieliin- ja

maanviljelystalouden nikymit I1. Helsingin Yliopls—
ton neuvontaopin ja tiydennyskoulutuksen keskus. 3

— 1. Kevitkosteuden siilyttiminen maassa. 2. Sadetus
nurmien tuoton parantajana. 3. Sadetus perunan ja
juurikasvien viljelyssd. 4. Maan rakenteen parantami-
nen. Kasvintuotannon opettajien tiydennyskoulutus-
kurssi Ahlmanin maatalousoppilaitoksessa. Mimeogr.
3+42+24+3p.

— Nya erfarenheter frin forskning och férsék med be-
vattning. I. Strsid. Nord. Jordbr.forskn. 38,
4:276-277.

— Kasvien vedensaannin turvaaminen. Tuottava Maa
2:150—173. Helsinki.

— . JAAKKOLA, A, TAHTINEN, H. & LARPES, G.
Arvio vikilannoituksen ja satojen kehityksesti Suo-
messa 1 O-vuotiskautena 1976—85. Maatalouden tuo-
tantopoliittiselle toimikunnalle tehty selvitys. 14 p.

JAAKKOLA, A. Kadmium — fastliggning i marken och
upptagning 1 vixten. Seminar om tungmetaller,
sitkulasjon i jordbruket. NJF, seksjon I. p. 38—45.

s.

— Kadmium — fastliggning i marken och upptagning i
vixten. Nord. Jordbr.forskn. 58:124—125.

— Voiko fosforilannoituksessa siistii? Teho 4: 35—36.

— Raskasmetalleista ja niiden kierrosta maataloudessa.
Maatalous 6—7: 125.

— Typpi-, fosfori- ja kaliumlannoitus. Kasvinviljely-,
kotieldin- ja maanviljelystalouden nikymit II. Helsin-



gin yliopiston neuvontaopin ja tiydennyskoulutuksen
keskus. 2 p.

— Lannoitus ja sadon kadmiumpitoisuus. Koetoim. ja
Kiyt. 33: 41.

— Kalkitus ja lannoitus. Tuottava Maa 2: 60—81. Hel-
sinki.

— & SIREN, M. Factors affecting zbe availability to
radishes of cadmium added to soil. ]. Scient. Agric. Soc.
Finl. 48:195—202.

— & YLARANTA,T. The role of the quality of soil organic
matter in cadminm accumulation in plants. J. Scient. Ag-
ric. Soc. Finl. 48: 415—425.

JOKINEN, R. Peruskalkitus ja yllipitokalkitus. Pellervo
77, 8:28-29, 36-37.

— Perunan magnesium- ja mangaanilannoitus. Koetoim.
ja Kiyt. 33: 43,

— Magnesiumlannoitus. Kasvinviljely-, kotieldin- ja
maanviljelystalouden nikymit II. Helsingin Yliopis-
ton neuvontaopin ja tiydennyskoulutuksen keskus. 4

P

K OSKELA. I. Raskaat metallit. YVY-tutkimus 21: 67—
74. Helsinki.

KAHARL |. Urea phosphate as nitrogen and pbox[z/ooru:
Sertilizer. Ann. Agric. Fenn. 15: 163—167.

— Hiue-, hiesu- ja hiesusavimaiden kaliumin kiyttokel-
poisuudesta kasveille. Lisensiaattityd. 148 p.

LARPES, G. Virsidens godsling. Jimforelse av
godselmedel. Landsb. Folk 11: 7.

— Virsidens godsling. 2. Givor p4 lerjordarna. Landsb.
Folk 19:5.

— Kuorihumus maanparannusaineena. Suomen ja SEVin
yhteisty6komission tieteellis-tekrisen tydryhmin ko-
kous. Mimeogr. 3 p.

M USTONEN.S., ELONEN.P., HOOLL],, HYYPPA],
PAIVANEN, J., SOVER], ] & VIRTA,]. Maa- ja
pohjavesisanasto. Soil water and ground-water termino-
logy. Mark- och grundvattenterminologi. Vesihallituk-
sen Julk. 18. 129 p. 20 lit.

TAHTINEN.H. The effect of lime and phosphorus on copper
uptake by oats and on the response to copper fertilization.
Ann. Agric. Fenn. 15:245-253.

— Hivenravinteet. Kasvinviljely-, kotieldin- ja
maanviljelystalouden nikymit II. Helsingin Yliopis-
ton neuvontaopin ja tiydennyskoulutuksen keskus. §

— Kuparilannoitukscn vaikutuksen riippuvuus kalkituk-
sesta ja fosforllannoxtukscsta Koetoim. ja Kiyt.
33:19.

— Rikin merkitys timotein lannoituksessa. Koetoim. ja
Kiyt. 33:47.

— & KOYLIJARVI, ]. Niittonurmien  syyslannoitus
epiedullista. Maas. Tulev. 13. 11. 1976,

Puutarhantutkimuslaitos, Piikkio
Institute of Horticulture, Piikkii

HIRSALMI.H. Ahomansikka — aromikas luonnonmar-

jamme. Puutarha 79: 14—175.

— Tarvitaanko mustaherukan viljelyssi pélyttijilajikkei-
ta. Koetoim. ja Kiyt. 33:10.

— XKasvun vaikutus mustaherukan satoisuuteen. Koetoim.
ja Kiyt. 33: 40,

— Luonnonvadelma viljelytutkimuksen kohteena. Puu-
tarhantutkimuslaitoksen tiedote 7: 13—20.

— Mustikan versonpituuden riippuvuus kasvupaikkateki-
joistd. Puutarhantutkimuslaitoksen tiedote 7: 21—23.

— Mustaherukan pélytyssuhteet ja marjonta. Puutarhan-
tutkimuslaitoksen tiedote 8: 17—25.

— Mustaherukan kasvutavan ja -voimakkuuden vaikutus
sadon midrdin. Puutarhantutkimuslaitoksen tiedote
8:26-32.

— & LEHMUSHOVI, A. Pensasmustikan lisidminen ja
jatkokasvatus. Puutarha 79:256—257.

— & LEHMUSHOVI, A. Pensasmustikan pistokaslisiys
ja taimikasvatus. Puutarhantutkimuslaitoksen tiedote
8:33-39.

— & LEHMUSHOVI, A. Pensasmustikka erilaisilla
kasvualustoilla. Puutarhantutkimuslaitoksen tiedote
8: 36—40.

— & LEHMUSHOVI, A. Pensasmustikka sopeutunut
Keski-Eurooppaan. Puutarha 79: 526—527, 540.

— & SAKO.]. The nectar raspberry, Rubus idaens X Rubus
Arcticus — a new cultivated plant. Ann. Agric. Fenn,
15:168—174.

— & SAKO.J. The nectar raspberry, Rubus idaeus x Rubus
arcdticus — a new cultivated plant. Acta Hort.
60:151-157.

H UPILA, I. & PESSALA, R. Vertailtavina Mini-Nibex i ja
Planet Junior. Puutarha 79:176-177.

KaLLio, T. K. Hyvm tertturuusulajikkeita. Swmmary:
Polyantba rose varieties for Finland. Dendrol. Seur,
Tied. 7: 14—18, 31.

— De bista rosorna. Tridgirdsnytt 30: 149—150.

— Suuri Ruusukirja (kirja-arvostelu). Puutarha 79: 230.

— Kirsikat  ja  tuomet koristekasveina. Puutarha
79:290-291.

— Tamariskin menestymismahdollisuuksista Suomessa.
Summary: On the possibilities to grow tamarisk in
Finland. Dendrol. Seur. Tied. 7: 114—116, 127.

— , HEIKINHEIMO,O. & R YYNANEN,A. Tarkastettu-
jen kiyttGtaimien sato mansikanviljelyssi. Koetoim. ja
Kiyt. 33:37.

— & KARHINIEMI. A. Suositeltavia koristeomenapuu-
lajikkeita. Puutarha 79: 164—165.

— & KARHINIEMI, A. Koristeomenapuut Puutarhan-
tutkimuslaitoksella vuosina 1965—74. Kehittyvi
Maatalous 32: 3—9.

KARHINIEMI, A. Marjakasvien kastelututkimukset
kiynnistetty. Puutarha 79: 332—333.

— Keinollisesta tuleennuttamisesta. Puutarha 79: 06—
507.

—, PEssara. R, PESSALA, T, SAxkO, J. &
VIROLAINEN, V. Rikkakasvien torjunta-aineiden ja
kasvunsiiteiden koetulokset 1975. Puutarhaviljely.
Kasvinsuojelulaitoksen tiedote 7: 1—30.

KORTESHARJU. J. Alustava hillan  juurruruskoe.
Puutarhantutkimuslaitoksen tiedote 7: 11—12.
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K URKI, L. Kevitsalaatin lajikkeita ja viljelytekniikkaa.
Koetoim. ja Kiyt. 33: 11,

— Ei kukkivaa purjoa vihannesmarkkinoille. Koetoim. ja
Kiyt. 33: 38.

— Varhaissato kasvihuonekurkun uusilla lajikkeilla. Puu-
tarhantutkimuslaitoksen tiedote 9: 1—4.

— Kevitsalaatin lajikkeita ja viljelytekniikkaa. Puutar-
hantutkimuslaitoksen tiedote 9: 5—8.
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Oljessa huomattavat energiavarat — Kyt rehuksi
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Moss Peat from the Standpoint of its Water Economy.
Peat"& Plant Yearb. 1973—75: 5—10.

On Factors contributing to Changes in Peat Structure in
Greenbouse Culture. Peat & Plant Yearb. 1973—
75:11-14.

The Effect of Aér Space in the Peat Substrate on Yield of
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79: 284—285.

Puutarha



/

Kasvianalyysi lannoitustarpeen ilmentdjind. Puutarha
79:322-323.
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Finland: efficiency and economic return. Ann. Agric.
Fenn. 15:137—144.

VIUTASAARI, M. Notes on  some Ichneumonidae
(Hymenoptera) in Eastern Fennoscandia. Ann. Ent,
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XVIII CIOSTA Congr. Papers. Theme 4. 11 p. Go-
dollé, Hungary. MSz.: 1063/76.

TorjaLa, H. Tapaturmista ja lihes-tapaturmista
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sen valvonta. “Elintarvikkeiden mikrobiologinen laa-
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— Ammonium- vaiko nitraattitypped neilikalle. Puutar-
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— & KIVINIEMI, L. Maitosokerin valmistuksesta.
Karjantuote 59, 10: 4—7.

HEIKONEN, M. Hyvi AIV-rehu.
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KREULA, M. Formalinilla suojatun  kase-
iinisaﬂorii’)ljyvalmisteen vaikutus maitorasvan koostu-
mukseen ja rehun raakarasvan hyvaksﬂ{ayttoon Kar-
jantuote 59, 11: 4—6.

HONKAVAARA, M. & KALSTA, H. Juoksetteiden saos-!
tusaktitvisuuden laadunvalvonnasta. Karjantuote 59,
12:4-5.

Karjatalous 52,

HILTUNEN, A. AlV-rehun valmistus tasosiiloihin.
Karjatalous 52, 4: 19—-20.

— Vihrei linja on voittanut. Meijjeril. 2: 7—13.
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KREULA, M. Siilérehujen laatu syyskaudella 1975
otantatutkimuksen valossa. Karjatalous 52, 4: 9—11.
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ALANKO, M. Naudan munasarjarakkulasyndrooma.
Suom. Eliinliik.liiton Luentokok. 1975, 1: 264—
281.
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lihasta. Suomessa ja Saksan Liittotasavallassa kiytet-
tivien menetelmien vertailua. Suom. Eliinliik.]. 82,
5:245—248.

— , STABELTAUCHER.R. & PEKKANEN.T. The problem
of testing horse kidneys for the presence of antibiotics at
meat inspection: How to avoid a false positive reaction.
Nord. Vet.med. 28: 377—380.

160

KURKELA, P. Prospects for Reindeer busbandry based on
grass and silage feeding. Acta Vet. Scand., Supl. 60.
(Discussion).

MOBERG, R. Tamman kiimakiyttiytyminen. Suom.
Eliinliik.liiton Luentokok. 1979, 1:328—333.

— Tamman tiineystarkastukset. Suom. Eliinlddk.liiton
Luentokok. 1975, 1: 334—339.

— The possible influence of site of pregnancy compared with
site of ovulation on the incidence of early embryonic death
in the mare. 8th Intern. Congr. Anim. Reprod. Art.
Inst., Krakow. 12.—16. 7. 76. (in the print).

— & KALLELAK! Undersokningar rorande f6rekomsten
av vixtostrogener i vira vanligaste kryddvixter.
Nord. Fert. Klubb 16 Méte, Abo.

PAKKALA P., STABELTAUCHER, R. & PEKKANEN,T.
Oagltetmcytlme residues in meat and kidney tissue after
intramuscular on intramammary treatment as determined
by a chemical-physical method and compared to a micro-
biological method. Nord. Vet.med. 28: 610—614.

PEKKANEN,T. J. & HANNINEN,M.-L. The occurrence of
oyanide in certain smoked meat products. Nord. Vet.-
med. 28:615—617.

— & RAEVUORIL, M. The detection of penicillin in
buttermilk. Nord. Vet.med. 28: 381—384.

PYORALA, E. Patologiset tilat ja toimintahiiriét tamman
reproduktissa. Suom. Eldinlidk.liiton Luentokok.

- 1975, 1:340-354.

RAEVUORIL, M. & PEKKANEN,T. J. The occurrence of
bacillus Cereus in Finnish dog food sausages; a microbio-
logical and physicochemical survey. Nord. Vet.med.
28:309-315.

ROINE, K. Juoksutusmahan sairauksista.
EldinldZk liiton Kurssijulk. 1: 44—575.

— Juoksutusmahan sairauksista. Nautakarja 6, 4: 11—
12.

— Hyvi hoito pelastaa poikimahalvauslehmin lisisai-
rauksilta. Karjatalous 52, 2: 48—49.

— & TIKKA, M. Kewoosi — esiintyminen ja
paranemistulokset. Suom. Eldinlidk.1. 82: 491—498.

SALONIEMI, H. & ROINE, K. Nautakarjan
sairastavuudesta ja karjakoon vaikutuksesta sairasta-
vuuteen. Suom. Eldinlidkl 82:231—243.

WESTERMARCK, H. Nikymii Moskovan eldin-
lidketieteellisen akatemian opetuksesta ja Jakutian po-
ronhoidosta. Suom. Eliinlidk.]. 82: 461—466.

— Nikokohtia utaretulehduksen torjumismahdollisuuk-
sista. Karjatalous 52, 6—7.

TIAINEN, O. A. Riistan kisittely. Metsistys ja Kalastus
8: 26.

Suom.

Kemira Oy, Helsinki
Kemira Qy, Helsink:
JACHRI;:N, R. Parannuksia puutarhalannoitteisiin. Puu-
tarha 79, 11:492.

— Kemira 8kar nu spirnimnes innehdllet i Tridgirds Y-
godseln. Tridgirdsnyte 30: 331.



— Hivenravinteita lisid puutarhalannoitteisiin. Leipi le-
veimmiksi 24, 4: 26.
— Puutarhan lannoitus ja kasvinsuojelu. Leipi leveim-

miksi 24, 5: 18—23.

KiUKKOLA, K. Omaa apatiittia kohti. Neliapila 29,
4:11-13.

— Riintdvitkd kalisuolavarat. Leipi leveimmiksi 24,

o 2:16-17.

KORIMAN, J. GOdsling och kalkning. Lantbrukska-
lender 1977:102—117.

— Eri kasvien lannoitus. Pelto-Pirkan Piivintieto
1977: 94—-102. '

— Long term fertilization with phosphorus and potassium on
a Carex-peat soil in Southern Finland. Ann. Agro
(A 6 )). Hors-Series: 209-214.

LESKELA, A. & KORKMAN, J. Kevitviljojen lannoitus.
Lajit, lajikkeet ja lannoitemiirit. Koetoim. ja Kiyt.
33: 0. i

LINDHOLM, L. The effect of application rate and spraying
time on chlormequat residues in grain. Kemia—Kemi 3,
12:635.

PIRTTILA, H. Torjunta-aineet. Pelto-Pirkan Piivintieto
1977:118—121.

— Kesin kynnykselld kerrataan kasvinsuojeluasiaa. Leipi
leveimmiksi 24, 3: 8—9.

— & Uor1,]. Kymmenen kuvaa Kemiran kotimaisesta
tuotekehittelystd. Leipd leveimmaksi 24, 2: 7—9.

RAUTAPAA, J. & UOTL, J. Control of Rbopalosiphum padi
(L.) (Hom., Aphididae) on cereals. Ann. Agric. Fenn.
15:101-110.

SYVALAHTI, ]. & LESKELA, A. Lannoitus on
kannattavan viljanviljelyn avain. Leipd leveimmaksi
24, 4: 6-17.

— , Uotl, J. & YLANEN, M. Vilja- ja nurmikierto
savimailla. Koetoim. ja Kiyt. 33: 3.

TUOMOLA, P. JauhiaiskiilukaiSen massalisiys ja kiyttd
ansarijauhiaisen torjuntaan. Puutarha-Uutiser 28:
416—417.

— Massodling och anvindning av paratitstekeln mot Vi-
ta flygare. Tridgirdsnyte 30: 172—173.

— Tuholaisten biologinen torjunta. Kemisti 22, 6: 13.

UOTL]. Occurrence and pathogenicity of Fusarium species in
cereals in Finland. EPPO Bull. §:419—424.

— The effect of five Fusarium species on the growth and
development of spring wheat and barlgy. Ann. Agric.
Fenn. 15:254-262.

— Pathogenicity  studies  with  Fusarium  culmorum
(W.G.Sm.) Sacc. Ann. Agric. Fenn. 15: 267—271.

— Avange — uusi hukkakauran torjuntavalmiste. Peller-
vo 77, 2:51.

— Kasvinsuojelua tarvitaan tulevaisuudessakin. Pellervo
77, 5:16—17.

— Torjuntaa talven jilkeen. Pellervo 77, 7: 8—9.

— Ruiskuta oikein. Pellervo 77, 9: 6.

— Juolavehni on pahin. Pellervo 77, 13: 8—9.

YLANEN, M. Ammonjum- ja nitraattitypen vertailu
kevitviljoilla. Koetoim. ja Kiyt. 33: 43,

' — & RAININKO, K. Lisirehukasvit,

Hankkijan kasvinjalostuslaitos
Anttilan koetila, Tuusula
Nikkilin koetila, Kangasala

Plant Breeding Tustitute of Hankkija
Experimental Farm Anttila, Tuusula
Experimental Farm Nikkild, Kangasala

HOVINEN, S. Erukahappo on kuuma sana. Saroilta
4:16-17.

— Erukkavapaat
1:23. .

— Hankkijan Lauri -kevétrapsi. Hankkijan Siemenjulk.
1975:162—163.

— Hankkijan Ulla. Saroilta 3: 16—17.

— Herneestiké merkittivd valkuaiskasvi. Saroilta 9—
10: 16—-17.

~ Kevitrapsi ja kevitrypsi. Hankkijan Siemenjulk.
1975:69-72.

— & Kivi, E. Herne.
1975: 60—63.

— & Kivl, E. Hirkipapu. Hankkijan Siemenjulk.
1975: 64—66.

— & VARIS, E. Hankkijan Ulla -kevitvehnd. Hankkijan
Siemenjulk. 1975: 142—143.

— & VARIS, E. Kevitvehni. Hankkijan Siemenjulk.
1975: 34-39.

JuuTlL, T. Elinympiristén vihreyttiminen tutkimuksen
kohteena. Saroilta 7—8: 6—7.

— Tyoti nurmenviljelyn hyviksi. Saroilta 2: 10—11.

Hankkijan

dljykasvilajikkeet tulossa. Saroilta

Hankkijan ~ Siemenjulk.

Siemenjulk. 1975: 100—109.

K1vi, E. Hankkijan Simeoni -syysrypsi. Hankkijan
Siemenjulk. 1975: 160—161.

~— Kaksitahoisen entsyymiohran jalostaminen. Mallas-
juomat 5: 138—146.

— Kasvien kestivyyden parantaminen. Tuottava Maa
2:250-2575.

— Kasvinjalostus. Kasvinviljelyoppi 2: 11—36.

— Kasvinjalostus ja leipiviljan laatu. Kehittyvi Maata-
lous 28: 3—12.

— Mallasohran jalostus ja lajikkeet. Mallasjuomat
3:68-72.

— Syysrypsi. Hankkijan Siemenjulk. 1975: 67—69.

Kivi, E. Viljan laatu kasvinjalostuksen kohteena.
Tuottava Maa 2: 488—497.

— Ville-herne. Hankkijan Siemenjulk. 1975: 159—160.

— & HOVINEN,S. A mutation breeding programme for
sprouting resistance in bread wheat. J. Scient. Agric. Soc. -
Finl. 48: 347—355.

— & REKUNEN, M. Ohra. Hankkijan Siemenjulk.
1975: 40—49.

NISSINEN, O. Puna-apilan jalostuksen tavoitteita ja
tuloksia. Saroilta 4: 10—11. '

— Taudinkestivyysjalostus. ~ Hankkijan
1975:129-132.

— & RAININKO, K. Puna-apila. Hankkijan Siemenjulk.
1975: 96—99.

RAININKO, K. & Juutl, T. Nurmiheinit. Hankkijan
Siemenjulk. 1975: 79-95.

Siemenjulk.

- ' 161



— & LAURILA, A. Nurmikkoheinit.
Siemenjulk. 1975: 110—128.

— & NISSINEN, O. Hankkijan Venla -puna-apila.
Hankkijan Siemenjulk. 1975: 171-173.

REKUNEN, M. Hankkijan Eero. Saroilta 2: 16—17.

— Hankkijan Valko. Saroilta 11—12: 10—11.

— Kaura. Hankkijan Siemenjulk. 1975: 50—59.

— Kaura Hankkija-773.  Hankkijan  Siemenjulk.
1975:155—158. .

— Miki on limpésumma? Saroilta 11—12: 8—9.

— Pitkd askel eteenpidin. Pellervo 17: 4.

— Siiolot 1970-74. Hankkijan
1975: 20—26.

— Tuloksia kauran lajikekokeista. Saroilta 3: 10—11.

— & Kivi, E. Hankkijan Aapo -ohra. Hankkijan
Siemenjulk. 1975:153—155.

— & Xivi, E. Hankkijan Eero -ohra. Hankkijan
Siemenjulk. 1975: 148—152.

— & Ki1vl, E. Monitahoinen ohra Hankkija-673.
Hankkijan Siemenjulk. 1975: 143—148.

SAARI, J. Yllipitojalostus. Hankkijan ~Siemenjulk.
1975: 133—140.

VARIS, E. Hankkijan Jussi -ruis. Hankkijan Siemenjulk.
1975: 140—141.

— Hankkijan Timo. Saroilta 4: 8.

— Hankkijan Timo -peruna. Hankkijan Siemenjulk.
1975: 163—165.

— Hankkijan Tuomas. Saroilta 1: 10.

— Hankkijan Tuomas -peruna.” Hankkijan Siemenjulk.
1975: 167—169.

- — Peruna. Hankkijan Siemenjulk. 1975:73—78.

—-Peruna. Kasvinviljelyoppi 2: 171—-201.

— Perunan tuotantoon tutustumassa. luottava Maa
2:386—399.

— Ruis on haaste jalostajalle. Saroilta 5: 7.

— Rukiin sato ja lakoutuminen. Pellervo 77, 8: 14—-15,
18.

— Rukiin typpilannoitus ja korrenvahvistajan kiyttd.
Hankkijan Siemenjulk. 1975: 183—186.

— Syysruis. Hankkijjan Siemenjulk. 1975: 27—30.

— Syysvehni. Hankkijan Siemenjulk. 1975: 30—33.

Hankkijan

Siemenjulk.

Maatalouden taloudellinen tutkimuslaitos, Helsinki

Research Institute of Agricultural Economics, Helsinki

ANON. Eri tuotantosuuntaa harjoittavien kirjanpitotilojen
tuloksia. Tilivuosi 1974. Maatal. Tal. Tutk lait. Tied.
35:1-32.

— Kirjanpitotilojen tuloksia. Tilivuosi 1974 Maatal.
Tal. Tutklait. Tied. 34: 1—46.

— Ravintotaseet 1968—75. Maatal. Tal
Tied. 39.

— Tutkimuksia Suomen maatalouden kannattavuudesta.
Tilivuosi 1974. Summary: Investigations on the Profita-
bility of Agriculture in Finland Business Year 1974
Maatal. Tal. Tutklait. Julk. 34: 1-90.

Tutk lait.

162 -

AALTONEN, S. Perunan tarjonta, hinnanmuodostus ja
kysynti Suomessa vuosina 1952/53—1972/73.
Summary: Supply, Price Formation and Demand for Po-
tatoes in Finland in 1952/53—1972/73. Leipiviljan
ja perunan tuotannosta Suomessa vuosina 1953—
1973. Maatal. Tal. Tutk.lait. Tied. 38, 2: 1—49.

HAGGREN, E. Maamme leipivilja-alan vaihtelu vuosina
1953—1973. Summary: Variations of Bread Grain
Acreage in Finland 1953—73. Leipiviljan ja perunan
tuotannosta Suomessa vuosina 1953—1973. Maatal.
Tal. Tutklait. Tied. 38, 1: 1—44.

— & KETTUNEN, L. Maataloustuotteidéen kulutusen-
nusteet vuoteen 1985, Maatal. Tal. Tutk.lait. Tied.
37: 1—46.

KETTUNEN, L. Consumption of agricultural products in
Finland in 1985. J. Scient. Agric. Soc. Finl
48: 386—394.

— Hintapditdkset maataloustuotannon ohjailussa. Maa-
tal.hall. Aikak. 1976, 1: 7—12.

— Maataloustuotannon ja kulutuksen pitkin aikavilin
nikymit. Maatal. Tal. Tutk lait. Tied. 36, 2: 1—11.

— Tuontihelpotuksia kehitysmaiden maataloustuotteille?
Maatal. Tal. Tutk.lait. Tied. 36, 3:1-7.

— Kainuun maataloustuotanto hoitaa myés tydllisyyttd.
Kainuun Sanomat 22. 9. 1976.

— Onko Suomen maataloudella tulevaisuutta. Katsaus,
Kulttuurikeskus, Kriittinen korkeakoulu 1976, 3: 16.

MAKI, S. Maataloustuotteiden kokonaismarginaalien
kehityksestd vuosina 1971—74. Maatal. Tal. Tutk.-
lait. Tied. 36, 5: 1—11.

— Kasvavat hintaerot — maataloustuotteiden kokonais-
marginaalitarkastelua vuosilta 1971—74. Maatalous
69, 3:49-50.

— Kokonaismarginaalien kasvu hidastunut v. 1975, Pel-
lervo-seuran  Markkinatutk.lait. Tilkats. 1976,
3:10—12.

NEVALA, M. An Econometric Model for the Finnish Egg
Industry. J. Scient. Agric. Soc. Finl. 48: 427—521.

ROUHIAINEN, J. Indeksichdon soveltaminen kansain-
vilisilli perushyddykemarkkinoilla ja sen mahdolliset
vaikutukset Suomen kuluttajahintatasoon ja kauppata-
seeseen. Maatal. Tal. Tutk.lait. Tied. 36, 4: 1—13.

— Hintatuen sijasta parantamaan maatalouden rakennet-
ta. Kiytinndn Maamies 1976, 1: 13—16.

SIREN, ]. Kotieldintuotteiden tuotantokustannusten
muodostuminen. Maatal. Tal. Tutklait. Tied. 36,
6:1-14.

— Ostotarvikkeiden hintamuutokset ja tuotannon kan-
nattavuus. Kiytinnon Maamies 1976, 2: 21-23.

— Maataloustuotteiden tuotantokustannukset. Kiytin-
nén Maamies 1976, §5: 15—17.

— Kananmunien tuotantokustannusten muodostuminen.
Kanatalous 1976, 2: 16—17.

TORVELA, M. Maataloustutkimuksen
Maatalous 69, 2: 28—29.

— Maatalousyksikén koko. Tuottava Maa I: 250—259.
Helsinki. :

— & ELOMAA, A. Maataloustutkimuksen organi-
saatiosta ja suunnittelusta Neuvostoliitossa. Maatal.

Tal. Tutklait. Tied. 36, 1: 1—14.

tavoitteista.



— & JARVELA, H. Eri tuotantosuuntaa harjoittavien
kirjanpitotilojen tuloksia tilivuosilta 1972—74. Erip.
Maatal. Tal. Tutklait. Julk, 34. 14 p.

— & KETTUNEN, L. Maataloustuotannon kokonais-
suunnittelu. Tuottava Maa I: 374—400. Helsinki.

Maatalouskeskusten Liitto, Helsinki

Association of Agricultural Centres, Helsinki

ANON. Katetuottomenetelmin mukaisia  laskelmia.
Maatalouskeskusten Liitto. Suunnitteluosaston monis-
tesarja A. 1976, 66 p

— Kiytotaloudellisia laskelmia. Traktori ja erikoisko-
neet. Maatalouskeskusten Liitto. Suunnitteluosaston
monistesarja B. 1976, 10 p

— Tyoteknillisid laskelmia. Nurmlvd]ely Maatalouskes-
kusten Liitto. Suunnitteluosaston monistesarja C.
1976, 43 p.

" — Tybteknillisid laskelmia. Viljanviljely. Maatalouskes-
kusten Liitto. Suunnitteluosaston monistesarja D.
1976, 24 p

— Tyoreknillisid laskelmia. Perunan viljely. Maatalous-
keskusten Liitto. Suunnitteluosaston monistesarja E.
1976, 9 p.

AUTIO, M. Omatoiminen elementtirakentaminen.
Kéytinnon Maamies 1976, 2: 49—53.

— Kotitekoiset rakennuselementit. Teho §: 18—21.

— Basundersokningen i Finland 1965—1969. Special-
medd. 37 "Golv i Djurstallar”, Lantbr.hégsk., Inst.
Lantbr. byggnadsteknik (LBT) Lund 1976: 36—45.

I1SAKKILA, M. Viljanviljelyn kustannukset. Pellervo 77,
11: 6—7.

— Maidontuotannon kannattavuus T-tarkkailun tulosten
pohjalta. Karjatalous 52, 9: 17—20.

— Sokerijuurikkaan viljely. Pellervo 77, 13: 12—13.

JYSKE.J. J. Kasvinsuojelu. Kiytinnén Maamies 1976,
J:29-31, 6:10, 7: 22, 8:26-27, 9: 65.

— Hukkakauran tunnistaminen. Maatalouskalenteri
61:134-—-136.

— Hukkakauralaki parempi my6hiin kun ei milloinkaan.
Maatalous 69, 3: 61-62. .

KNUTH, S. Siilérehun kor]uun koneketjut. Karjatalous
4:39—-41.

— Pian syodiidn jouleja ja ajetaan kilowateilla. Kiytin-
nén Maamies 1976, 1: 22—23.

— Voiko maata viljelli kyntimitti? Kiytinnén Maa-
mies 1976, 2: 29—30.

— Osa-aikaviljelyd omilla vai vierailla koneilla. Kiytin-
nén Maamies 1976, 4: 37—40.

— Viljan kylmiilmakuivatus viisas ja varma vaihtoehto.
Kéiytinn6n Maamies 1976, §: §3—56.

— Paljonko poutapiivii puintiin? Kiytinnén Maamies
1976, 7: 24-27. '

— Varastoi vikirehu lajittumatta ja pilaantumatta. Kiy-
tinn6n Maamies 1976, 9: 49—52.

— Auringon limpé lisiimiin kylmiilmakuivurin tehoa.
Kiytinnén Maamies 1976, 11: 31—33,

— Oma vaiko rahtisekoitin tehdasrehun valhtoehtona?
Rehumestariuutiset 3—4, -

— Sl-jirjestelmiin vuoden 1978 alusta. Maatalouska-
lenteri 61: 202.

— Avo-ojien on aika viistyd. Maamies 1976, 1: 8—12.

— Koneet kevitkuntoon. Maamies 1976, 2: 26—29.

— Ei yhtd reseptid. Maamies 1976, §: 16—17.

SALLASMAA, S. Lannoitus ja kalkitus. Maatalouskalen-
teri 1977:120—129.

— Paljonko lannoitteita kannattaa kiytti? Karjatalous
52, 11: 23-24.

— Hukkakauran leviimisvaara suuri sadonkorjuuvaihees-
sa. Suomenmaa (Elovakka liite} 169: 15.

SEPPANEN, H. Kotoista vai ostosiementd. Kiytinndn
Maamies 1976, 3: 37—39.

— Aukkoisten nurmien paikkaus ja pikanurmen perusta-
minen. Suomenmaa 24. 4. 1976.

SIITONEN, M. Maatila on liikeyritys.
Piivintieto 1976: 137—140.

— T-tarkkailu paljastaa tuotantokustannukset. Kiytin-
nén Maamies 1976, 7: 8—9.

— Tuloksia T-tarkkailusta. Koti 8: 244—245.

— Maatilatalouden jirjestiminen ja suunnittelu, Tuotta-
va Maa 1:276—289. Helsinki.

— Yhteispelilld se sujuu. Monitilatoimintako tie taloudel-
liseen tuotantoon? Teho 8: 6—7.

— Nurmirehuvarasto tuotantorakennuksen tirkei osa.
Kiéytinnén Maamies 1976, 9: 19—20.

SISSONEN, L. Vihannestilanteemme tiniin. Puutarha
79, 11: 467.

— Vihannesvarastot on taas . arvxoxm Puutarha 79,
12:509. ’

— Keskikesin tehtdvid avomaan vihannesviljelmilli.
Puutarha-Uutiset 28, 29: 617.

— Varastot kuntoon. Puutarha-Uutiset 28, 39: 797,
810.

— Viljelysopimuksen vaikutuksesta avomaan vihannesten
viljelyyn ja markkinointiin. Puutarha-Uutiser 28,
41: 847—848.

— Pobhjoisen viljelmid kiertimassi. Puutarha-Uutiset 28,
50:1037—1038.

Pelto-Pirkan

— Marjanviljelijilli ei ole menekkivaikeuksia. Koti 37,
’ 2: 61.

— Marjatarhan kevitrydt. Koti 37, 3: 104,

— Mitid mausteita. Koti 37, 4: 132—133.

— Kevennysti pihatoihin. Koti 37, §:170—171.

— Kodin ikkunalle vihanneskrassi ja ruohosipuli. Koti
37, 5:172.

— Marjatarhan kevit. Koti 37, 5: 147.

— On mansikka-aika. Koti 37, 6—7: 197.

— Rikkakasvit. Koti 37, 6—7: 209.

— Kesi kauneimmillaan. Koti 37, 8: 240—241.

— Onnekas omenavuosi. Koti 37, 9: 264.

— Vihannekset siilodon. Koti 37, 9: 285.

— Syksy on luonnon kylvéaikaa. Koti 37, 10: 302—
303.

— Kukkivat huonekasvimme. Koti 37, 11: 346—347,
335.

— Kukat ovat osa Joulua. Koti 37, 12: 370—371, 384.

163



Pellervo-Seuran Markkinatutkimuslaitos, Helsinki

The Marketing Research Institute of Pellervo-Society
(PSM), Helsinki

HONKANEN,S., HORELLL P., KUJALA, M. & PITKALA,
K. Erididen viljely- ja luonnonvaraistuotteiden sato,
tuotanto, markkinointi ja pakastamismahdollisuudet
Sisi-Suomessa. Pellervo-Seuran Markkinatutk.lait.
Julk. 18.

VArRMOLA, R., KOpPA, T. & TAURIALA, ]
Ammattitiedon leviiminen maataloudessa viljelijin ja
neuvojan nikdkulmasta. Pellervo-Seuran Markkinan-

tutk lait. Julk. 19.

Sokerijuurikkaanviljelyn Tutkimuskeskus, Salo

Research Centre of Sugar Beet Cultivation, Salo

ALASTALO, O., KLEEMOLA, S., KURRL, P., LINDROOS,
R. & METTALA, J. Sokerijuurikkaan viljelytekniikka.
52 p. Salo.

BRUMMER, V. Mihin pillerisiemenen kiytolli pyritddn.
SaSon Uutiset 18, 1: 2—4.

— Pohjankartano — SvT:n uusi koetila ja tuleva sijoitus-
paikka. SaSon Uutiset 18, 3:22—25.

— Syrjiyttiikd Salohill Monohillin. SaSon Uutiset 18,
4. 2-7.

— Xohti sokeriomavaraisuutta. Tuottava Maa 2: 400—
415. Helsinki.

— & ERJALA, M. Maan liukoiset typpivarat. SaSon
Uutiset 18, 1: 24—28.

— & KOPPA, P. Juurikasvit. Kasvinviljelyoppi 2: 204—
224. Rauma.

ERJALA, M. Typen seurantakokeet lannoittamattomilla
juurikasmailla. SvT:n tutkimusseloste 5: 1—4.

HELLE, J. Olkien hyddyntiminen. Juurikassokeri 12,
3: 14—18. -

— Suurpaali teollisen olkienkisittelyn raaka-aineensaan-
nin turvaajana. Juurikassokeri 12, 4: 10—12.

— Syksyn -76 sokerijuurikkaan korjuuniytéksistd. Juuri-
kassokeri 12, 4: 20—24.

METTALA, ]. Rikkakasvitorjunnan tchostaminen. SaSon
Uutiset 18, 1: 9—17.

NUORMALA, N. Tuloksia herbisidien havaintokokeista
1976. SvT:n tutkimusseloste 6: 1—30.

RAININKO, K. Mullien ruokintakokeita. SaSon Ulutiset
18, 4: 8—10.

— Nurmi- ja  vihantarehukasvit.

2:223—235. Rauma.

Nurmet. Kasvinviljelyoppi 2: 235—287.

Peltovaramme ja niiden kiytd. Tuottava Maa

2: 20—31. Helsinki.

Ei laidun hoidotta kasva I. Lihantuottaja 4: 18—19,

5:10.

Sammalen  torjunta

5:156-157.

Kasvinviljelyoppi

nurmikossa.

Puutarha 79,
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Suoviljelysyhdistys, Karjalan koeasema, Tohmajirvi

Society of Peat Cultivation, Karelia Experimental Station,
Tobmajdrvi

HEIKKILA, R., HUILAJA,]. & LAMPILA, M. Siilérehu,
heind ja ohra teurasmullien ruokinnassa II. Koetoim.
ja Kiyt. 33: 1.

— , HUiLAJA ]. & LAMPILA, M. Siilérehu, heind ja
ohra teurasmullien ruokinnassa ITI. Koetoim. ja Kiyt.
33:27.

— Naudanlihan tuotanto kotovaraisilla rehuilla. Karjalai-
nen 102, 83: 6.

JuoLa, P. Maissinviljely vaatii erikoiskoneet. Saroilta
1976, 4: 2.

— Kevitvehni ruista yleisempi viljelyskasvi P-Karjalas-
sa. Karjalainen 102, 83: 6.

Tyotehoseura, Helsinki
Work Efficiency Association, Helsinki

ANON.Kone- ja tydkustannukset maatilojen keskiniisessd
tydavussa. Teho 8:22—23.

ANTTILA. R Eldinsuojan rakenne vaikuttaa karjan
puhtauteen. Teho §:24—25.

— Toiminnallinen suunnittelu eldintiloja rakennettaessa.
Teho 8: 36—38.

— Siilorehun kiyttd ja vesien pilaantumisen estiminen.
Teho 12: 16—18.

— Siildrehun puristeneste kiy lannoitteena. Linsi-Savo
130: 5.

— Laakasiild kiyttdkelpoinen vaihtoehto. Aamulehti
130:7.

— Siilérehun kiytt6 tirked karjan ruokmnassa Karjalai-
nen 102, 135:5.

— Siilérehun kiytdén lisdys edellyttid uutta tekniikkaa.
Savon Sanomat 145: 7.

— Tuontivalkuaisen korvaaminen kotoisilla rehuilla. Kai-
nuun Sanomat 137: 2.

— Siilérehua varaa lisiti. Pellervo 77, 13: 18—109.

— Karjarakennuksen suunnittelun perusteita. Karjatalous
52, 3: 4-38. ’

HOLMA. M. Lannoitteiden kuljetus ja kisittely uudistuu.
Teho 4: 6—12.

— Lietelannan levitys 16ytimissi uusia uria — levitysvau-
nut lihikuvassa. Teho 5: 38—41.

— Voidaanko lannan hajuja hillitdi? Teho 10: 42—44.

— Paljonko eri lannanpoistomenetelmit maksavat. Kar-
jatalous 52, 11: 14-—-17.

— & TERTSUNEN, V. Siilérehun korjuuta tutkitaan.
Teho 12: 8—175. )

HOLMBERG, K., WUOLIJOKLE. & AIKAS,T. Traktorin
tirini — tekninen ja fysiologinen ongelma. Teho
12: 3433,

KALLIO- MANNILA, R. Polttoturpeen nosto, kisittely ja
kiyttd maatilalla. Tydtehoseur. Julk. 189:1-128,
11 liitetti.



— & NURMISTO,U. Lannanpoistoa koskevat tehokortit.
Tyotchoseur Julk. 190: 1—11, 49 liitettd.

. MAJURINEN, J., HAAJANEN, M. & TOLONEN,Y.

Tuulicnergian kiyttomahdollisuudet. Tydtehoseur.

Julk. 187: 1—238.

LiskoLA, K. Lupaava heininkorjuumenetelmi. Tcho
4:32-34.

— Konstit on monet — heininkorjuussakin. Teho
12: 18=-21.

— Kone poimimaan herukoita? Teho 12: 22—23,

— Lupaavia tuloksia heinikatoskokeilusta. Sihk&viesti
38, 2: 10-11

— Korjuumenetelmien valinta eri suuruisille nurmialoille.
Nurmlpalvat tyondytdksineen Kangasalla 28.—29. 7.
1976: 7—11.

— & LOUNASHEIMO, P. Viljelijit kertovat kuinka

kevittoihin  ryhdytidn  viljanviljelytiloilla. Teho
4:20-25. .
Nissi, T. Irtolannoitteen tydketjujen taloudellinen

vertailu. Teho 4: 17—19.

NURMISTO, U. Lannanpoisto vaikuttaa eldinsuojan
suunnitteluun. Teho §: 14—16.

— Sisdverhouslevyt kotlelamrakennuksxssa Karjatalous
52, 3: 20-23.

SALONEN,V. Rengassokat vertailussa. Teho 4:30—31.

— Jatkotutkimus: Rengassokat vertailussa. Teho 8: 39.

— Kaasuja navettailmassa. Teho 10: 44—45.

SEISE. A. Kuljettimia viljan vaakasuoraan siirtoon. Teho
4:26-27.

— Perunan varastoinnista. Teho 8: 20—21.

— Rehunsekoitus tilalla. Teho 10: 46—49.
SUONINEN, A. & TERTSUNEN, V. Maatalouskoneet
turvetyémaalla. Teho 3: 42—45.
TERTSUNEN, V. Maatalous energian

kuluttajana. Teho 12: 4—7.
UOTILA,P. J. Miksi irtolannoitteisiin? Teho 4: 3.
— Irtolannoitteen varastoinnin  kehittiminen.

4:13-16.

— Maatilan talousrakennusten kehittimisen tarve. Teho

5:9.

— Monitilatoiminnan tausta ja elinkelpoisuus. Teho 8: 5.
— Linjanvetoa Tydtehoseura — maatalouden rationali-
soija. Teho 10: 16—17.
& SEISE,A. Viljan kuivauksen kustannukset vuonna
1976. Teho 8: 28—29.
, LISKOLA, K. & TERTSUNEN, V. Traktorin ja

tuottajana ja

Teho

letkkuupuimurin  tyStunnin  hintalaskelmat. Teho
8:24-27.
—, Nissi, T. & HOLMA, M. Lannoitteiden

siilovarastoinnin kehlttamlstutklmus

Julk. 188: 1—109.

Tyétehoseur.

Valtion elidinkiiketieteellinen laitos, Helsinki
State Veterinary Medical Institute, Helsinki
ESTOLA,T. & NEUVONEN, E. Experfence of the efficacy

of equine influenzg vaccinations. Nord. Vet.med.
28:353-356.

KANGAS,]. Minerals in Mink Feed and Factors Affecting
the Mineral Balance. The st Intern. Scient. Congr. in
Fur Anim. Prod. April 1976.

— Pentutulos suomalaisilla minkkitarhoilla vv. 1966—
1975 ja penikoimishdiridihin vaikuttavista tekijoisti.
Turkistalous 4: 192—194.

— Turkiseldinten  ruhojen
12: 460—461.

— , JUOKSLAHTI T., FINNE, L. & SJOGARD, B.
Tetrasykliinin vaikutus raudan imeytymiseen. Turkis-
talous 1: 46—47.

KOIRANEN, L. Utaretulehduksen yleisyys Suomessa. 1.
Mastiittiprosentin miirittiminen ja bakteriologinen

 tutkimustulos. Suom. Eliinldik.l. 82: 64—72.

— Mastiitin yleisyys Suomessa. II. Tulosten tarkastelua.
Suom. Eliinliikl. 82:185—189.

— Aiheutetun stafylokokkimastiitin kliininen ja bakterio-
loginen kulku. Suom. Eliinlidk.). 82: 327—332.

— Utaretulehduksen ehkiisy. Pellervo 77, 14: 28—29.
— & STABEL-TAUCHER, R. Suomalaisen maidon
jodipitoisuus. Suom. Eliinliik.l. 82: §43—549.

— & STABEL-TAUCHER, R. Iodine content of Finnish
milk. Acta Agric. Scand. 26: 185—188.

— , TANHUANPAA, E. & VAHAVAHE, T. Xoe
intramammaarivalmisteiden antibioottien erittymises-
td maitoon. Liikeuutiset 2- liite 3—7.

talteenotto.  Turkistalous

. LASTIKKA, L., VIRSU, M—L., HALKKA, O., ERIKSSON,

K. & -EsTOLA, T. Confomitosis in rats affected by
Mycoplasma or macrolides. Med. Biol. 54: 146—149.
NEUVONEN, E. Occurrence of antibodies to group specific
Chlamydia antigen in cattle and reindeer sera in Finnish
Lapland. Acta Vet. Scand. 17: 363—369. _

NISKANEN, A. & NURML E. Effect of starter culture on
Jtapbylocacmf Enterotoxin  and  Thermonuclease
Produktion in dry Sausage. Appl. and Environment
Microb. 31: 11-20.

NURML E., SEUNA, E. & RAEVUORI, M. Prevention of
ralmonellom in broiler chickens by the flora of the
alimentary tract of chickens. Collected reports of the
2nd Congr. of Intern. Soc. For Anim. Hygiene,
Zagreb. p. 389—394.

RAEVUORL, M. Studies of Bacillus cerens as a food-
poisoning organism with special reference to the effects of
certain preservatives on growth of bacterium. Academic
dissertation. Coll. of Veter, Med. Helsinki.

SCHULMAN, A. Best mulig mll]O for slaktegrisen gir
minst sjukdom. Svineavlsnytt medlemsblad for Norsk
Svinavelslag 3: 30—31.

— Sikalailman laadun merkitys eldinten terveydelle. Sika
4:9-10.

— Porsasanemian ennaltachkiisy. Sika 3: 13—14.

— , SCHILDT. R. & HATAKKA, M. Takuuaikana
kuolleiden vilitysporsaiden kuoleman syisti. Suom.
Eliinlidk ]l 82:11-109.

SEUNA, E. & RAEVUORI, M. Kastolevymenetelmi
raakamaidon laatuluokittelussa. Summary: The use of
contact-dip-slide  method  for the determination of
bacteriological quality of raw milk, Suom. Eliinlidk.].
82:443—450.
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Valtion maatalouskemian laitos, Helsinki

State Institute of Agricultural Chemistry, Helsinki

ANON. Valtion maatalouskemian laites 1972.

Maatilahall. Tied. 376.

RAUTAPAA, J., MYLLYMAKI, A., SILTANEN, H. &
MATTINEN. V. Endrin, DDT and PCB’s in Finnish
soils. J. Scient. Agric. Soc. Finl. 48: 181—186.

SILTANEN, H. & ROSENBERG, C. Investigations on
pesticide residues, 197 5. Publ. State Inst. Agric. Chem.
11.

Valtion maatalouskoneiden tutkimuslaitos, Helsinki

Farm Machinery Research Institute, Helsinki

916 Peittauslaite Teho

917 Sukkela 1400-etukuormain

918 Bauknecht-Finlux-astianpesukone malli GS 561
919 Kockums 850-kuormatraktorin kiyttdominaisuudet
920 Farendlese-lierioniittokone malli RS 151

921 Lautasies Fiskars FDH 32

922 Fiskars-aura, 3-teriinen, malli Agrosta

923 Bizon Super-ajopuimuri

924 Metsurin polvisuojusten kestivyys

925 K.E.-W.C. 90-korkeapainepesulaitteen plkakoctus
926 Pottiputki

927 Raju-valssimyllyn pikakoetus

928 Hydrovig THV 1500-kuormainvaaka

929 Raket-raivaussaha, malli RS 52 E

930 Mc Connel PA 6 kaivuri-kuormain

931 Jaakko-viljaclevaattorit

932 Rehu-Junkkari-rehunvalmistimen pikakoetus

933 Claas Markant 50-paalain

Tiedote:
24/75 Parsinavettatutkimus 1973 ... 75.

. . . . .
Valtion maitotalouskoelaitos, Jokioinen

State Institute of Dairy Research, Jokioinen

ANTILA, P. Eriiti nikokohtia lehminmaidon proteiinien
terveydellisisti  vaikutuksista. Valt. Maitotal.koel.
Tied. 126. 21 p.

— & ANTILA,V. Cholesterol in Finnish milk and different
milk products and relationship between fat and cholesterol
content. Valt. Maitotal.koel. Tied. 124. 14 p.

ANTILA, V. Defects in Fermented Milk Products. The
Technology and Manufacture of Fermented Milks. A
Collection of Lectures about Fermented Milks Held
by the FAO in Association with Finland. Publ. Valio
Finn. Co-op. Dairies” Assoc. 19 p.
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— & KYLA-SIUROLA, A-L. Die Bestimmung der
Milchqualitit mit der Lacocult Methode. Valt.
Maitotal.-koel. Tied. 122. § p.

— & KYLA- STUROLA,A.-L. Havaintoja niytteenotosta
automaattisella niytteenottolaitteella. Valt. Maitotal.
koel. Tied. 127. 2 p.

— & KYLA- SIUROLA, A.-L. Milko Scan 300 maidon
rasva- ja Valkuaxspltmsuuden miirityslaitteen koetus.
Valt. Maitotal.koel. Kone- ja tarvikekoet. 81. 30 p.

— & WITTING, O. Der Einfluss von verschiedenen
Labpréparaten auf die Reifung von Edamer Kdse. Valt.
Maitotal koel. Tied. 128. 5 p

KANKARE, V. & ANTILA,V. Valmiin voin jilkikisittelyn
vaikutuksesta kiinteyteen. Valt. Maitotal.koel. Tied.
121. 4 p

MERILAINEN, V. & ANTILA, V. Voin fysikaalisesta
rakenteesta. Kirjallisuuskatsaus. Valt. Maitotal.koel.
Tied. 123. 20 p.

— & ANTILA, V. Nestemdisen ja kiintedn osan mairittd-
minen maitorasvasta ja voista pulssi — NMR:din pe-
rustuvalla  menetelmdlli.  Meijeritier.  Aikak.
34:117—124.

Valtion siementarkastuslaitos, Helsinki

State Seed Testing Station, Helsinks

AHLBERG, E. Vakuustodistus siementavaran tuoteselos-
teena. Kiytinnén Maamies 1976, 3: 46—48.

HALKILAHTI, A. M. Siemenviljassa lentonokitartuntaa.
Kylvésiemen 1: 25—27.

ILOLA, H. Lehtilavan kanta- ja reunakarvojen esiintymi-
nen eriilli kauralajikkeilla. Summary: The occurrence of
margin- and base hatrs on the leaf blade in certain oat
cultivar. Maatilahall. Tied. 382: 36—39.

OLKINUORA, V. Siementuotannon valvonta. Tuottava
Maa 2: 350—356. Helsinki.

ULVINEN, O. Kotimaisen siementavaran tuotannossa
huomioitavat siemenkauppalain miirdykset. Kylvo-
siemen 4: 16—25.

- & ]UVONEN A. Herneen siementen aitousmidrityk-
sessd kaytettdvd lasku- ja tarkastuslaite. Summary: The
counting and inspection device employed for determinations
of genuineness in pea seeds. Maatilahall Tied.
382: 40—42.

VALLE, E. Rikkasiemenet nurmikasvien kotimaisessa
siementavarassa. Koetoim. ja Kiyt. 33: 30.

YLLO,L. Valtion siementarkastuslaitoksen toiminta 1. 7.
74 — 30. 6. 75. Maatilahall. Tied. 382: 3—35.

— Kauppaan tulevan kylvSsiemenen laatu. Kiytinn6n
Maamies 1976, 3:19.

— Vuoden 1976 siemensadon itivyys.
3:26-27.

— Siementavaran pakkaamot. Kylvosiemen 4: 14—16.

— Perunan silmupistokkaiden viljely. Koetoim. ja Kiyt.
33: 4).

— & KOYLJARVL ]. Kylvosiemen. Kasvinviljelyoppi
2:37—72. Rauma.

Kylvosiemen
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